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OVERALL  SUMMARY  AND  CONCLUSIONS 
In  contrast  to  the  other  products  (ground  beef  in  several  forms), 
characteristics  of  beef  roasts  were  not  affected  as  much  by  the  factors 
studied.    Freezing  rate  seldom,  directly  and  consistently,  affected  the 
results.    Advancements  in  storage  time  up  to  twelve  months  and  the  use  of 
+20T  final  storage  temperature  most  often  were  responsible  for  changes  in 
roast  properties  when  they  occurred.    The  use  of  different  carcasses  for 
each  freezing  rate  did  not  appear  to  create  as  much  variability  as  was 
thought  prior  to  the  study. 

While  many  interactions  were  found  (substantiated  by  the  307  tables) 
most  involved  very  few  real,  logical  and  consistent  differences.  Muscle 
color,  tenderness  and  total  roast  weight  loss  from  before  freezing  until 
after  cooling  of  cooked  roasts  were  variables  that  underwent  the  most 
change  as  a  result  of  imposing  the  variables  of  the  project.    Once  frozen, 
roasts  tended  to  have  more  dark  red  and  blackish  purple  pigmentation  than 
before  freezing.    Upon  thawing  these  immediately  frozen  roasts,  there  was 
less  moderately  cherry  red  color,  but  more  very  dark  red  color  than  was  the 
case  on  roasts  prior  to  freezing.    The  use  of  +20WF  final  storage 
temperature  produced  less  slightly  dark  red  and  more  very  dark  red  and 
blackish  purple  than  0  and  -10"F,  especially  as  storage  time  progressed. 
For  thawed  roasts,  longer  storage  time  resulted  in  more  moderately  cherry 
red  color. 

Freezing  in  itself  produced  considerable  surface  discoloration,  and 
this  discoloration  continued  with  advancing  storage  time  and  the  use  of 
+20"F  storage  temperature.    For  thawed  roasts,  there  was  a  definite 
tendency  for  roasts  frozen  to  0"F  in  96  hr  to  have  more  discoloration. 
More  freezer  burn  was  detected  as  storage  time  progressed  especially  for 
roasts  frozen  to  0"F  in  96  hr. 


The  presence  of  off-odor  (largely  rancidity)  increased  some  with 
storage  time.    Generally,  TBA  values  remained  low  throughout  the  study,  but 
were  slightly  higher  for  roasts  stored  at  +20"F  compared  to  the  other  two 
temperatures.    The  intensity  of  roast  beef  flavor  underwent  only  a  slight 
reduction  with  progressive  storage  time.    More  rancidity  was  detected  in 
flavor  evaluations  for  roasts  stored  at  +20T.    Rancid  flavor  increased 
with  storage  and  appeared  to  replace  "sour"  as  a  f  1  av.or  note. 

Juiciness  was  reduced  just  by  freezing  and  very  slight  reductions 
occurred  with  +20" F  storage  and  longer  storage.    There  was  a  gradual 
reduction  in  tenderness  with  storage  which  was  much  more  pronounced  in 
roasts  held  at  +20T. 

Textural  values  obtained  with  the  Universal  Instron  machine  were  often 
variable  respective  to  the  design  of  the  project.    For  some  reason,  roasts 
evaluated  at  nine  months  from  the  0UF  in  72  hr  rate  were  often  much 
different  in  Instron  values  than  other  freezing  rates  and  storage  times. 
While  the  modulus  values  for  the  0VF  in  72  hr  frozen  product  at  nine  months 
were  quite  low,  the  same  could  be  said  for  this  freezing  rate  at  six  months 
if  the  roasts  were  initially  stored  at  0UF.    Fail  energy  values  for  cores 
increased  somewhat  with  storage  time,  while  fail  energy  values  for  slices 
were  increased  slightly  for  roasts  frozen  to  0UF  in  96  hrs  vs  other 
freezing  rates. 

Total  weight  loss  for  roasts  from  before  freezing  until  after  cooling 
of  cooked  roasts  generally  was  between  30-35%.    This  loss  was  lowest  for 
roasts  that  were  never  frozen  and  thus,  subsequently  never  subjected  to 
storage.    The  total  weight  loss  was  slightly  higher  if  roasts  had  been 
stored  at  +20WF.    The  process  of  just  freezing  itself  usually  produced 
slight  gains  in  weight.    The  use  of  +20T  storage  temperature  substantially 
increased  weight  losses  during  storage. 
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Thaw  losses  were  lowest  among  frozen  roasts  right  after  freezing  and 
before  storage.    This  is  somewhat  surprising  since  at  that  time,  more 
weight  (moisture)  should  be  available  for  loss  during  thawing.  Also, 
somewhat  unexpectedly  (in  view  of  other  weight  losses  during  storage),  the 
use  of  +2CTF  final  storage  temperature  slightly  elevated  thaw  losses. 

Advances  in  storage  time  gradually  reduced  cooking  loss.    Also,  as 
would  be  expected,  longer  storage  times  and  the  use  Of  +20" F  reduced  the 
evaporative  component  of  cooking  loss  and  elevated  the  drip  loss  component. 

Storage  reduced  the  percent  moisture  in  raw  roasts,  generally,  from 
1-3%.    However,  percent  fat  in  raw  roasts  was  somewhat  variable  according 
to  the  variables  studies.    Percent  fat  was  somewhat  higher  following  twelve 
months  storage  for  roasts  held  at  +2CPF.    Percent  moisture  and  fat  values 
followed  no  consistent  trend  in  cooked  roasts. 

In  conclusion,  it  would  appear  that  freezing  rates  of  the  range  used 
in  this  study  do  not  exert  many  effects  on  beef  roasts.     It  would  appear 
obvious  that  +20°F  is  not  a  suitable  storage  temperature  certainly  past  six 
months.    There  was  no  clear  evidence  that  -10°F  storage  temperature 
produces  that  much  more  improvement  in  product  quality  over  0"F.    Also,  the 
temperature  abuse  process  did  not  play  a  major  role  in  affecting  results. 

In  terms  of  when  storage  time  should  cease  for  a  beef  roast  product, 
it  should  be  realized  that  all  of  the  subcutaneous  fat  was  removed  from  the 
roasts  prior  to  freezing  for  standardizing  purposes.    Had  this  fat  been 
left  on,  in  all  likelyhood,  rancidity-type  problems  would  have  occurred 
earlier  in  storage.    However,  improved  packaging  over  the  placement  of 
roasts  in  a  polyethylene  bag  and  folding  the  top  down,  would  probably 
produce  longer  storage  times  before  deterioration  became  noticeable. 


INTRODUCTION 

Freezing  as  a  processing  procedure  is  often  a  necessity  for  meat 
products  that  must  undergo  transcontinental  and  oceanic  distribution  or 
must  be  purchased  far  in  advance  of  consumption  due  to  supply,  price  and 
demand.    These  situations  are  frequently  prevalent  in  USDA's  purchase 
programs  of  ground  beef  for  the  school  lunch  program  and  DOO's  procurement 
of  meat  products  for  military  establishments.     In  order  to  maximize  storage 
life,  certain  specifications  regarding  freezing  rates,  storage 
temperatures,  packaging  materials,  raw  material  wholesomeness  are  applied. 

One  of  the  specifications  required  in  the  processing  of  meat  products 
for  government  procurement  deals  with  freezing  rate.    Prior  to  1982,  the 
requirement  was  that  the  product  must  be  frozen  to  10WF  in  72  hr.    Based  on 
a  variety  of  information  sources,  this  requirement  was  changed  in  1982  to 
0"F  in  72  hr,  which  reflects  a  faster  rate  of  freezing.    There  were  some 
representatives  from  industry  who  indicated  that  this  faster  freezing  rate 
imposed  hardships  on  their  operations  and  placed  them  in  non-competitive 
positions.    However,  there  are  others  (processors  and  end-users)  who 
maintain  that  faster  freezing  rates  improve  product  quality. 

In  terms  of  defining  what  freezing  rates  were  actually  being  used  in 
industry,  a  nationwide  survey  of  meat  freezing  operations  was  conducted. 
The  survey  indicated  that  a  wide  range  in  freezing  rates  was  being 
practiced;  some  faster  than  the  OT  in  72  hr  requirement,  some  slower. 
Thus,  it  was  decided  to  evaluate  for  this  project,  four  different  freezing 
rates;  CTF  in  24  ,  48,  72  and  96  hr.    In  preliminary  studies,  it  was 
determined  that  wide  ranges  in  time  (often  as  much  as  36-48  hr  to  reach 
OT)  exist  within  a  pallet  load  of  meat  in  terms  of  when  OT  is  achieved. 
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Thus,  in  order  to  achieve  the  uniformity  in  freezing  rate  required  for  this 
study,  it  was  necessary  to  freeze  product  out  of  the  boxes,  spaced  out  on 
wire  mesh  racks. 

Due  to  the  lack  of  supportive  literature  to  answer  the  effects  of 
freezing  rate  on  meat  product  characteristics,  especially  in  conjunction 
with  frozen  storage  time  and  temperature,  this  project  was  inaugurated. 
Four  products  (beef  roasts,  bulk  ground  beef  with  soy,  ground  beef  patties 
with  soy.  ground  beef  patties  without  soy)  were  subjected  to  the  above  four 
freezing  rates,  two  initial  storage  temperatures  (0°F,  -10°F),  three  final 
storage  temperatures  (0°F,  -10°F,  +20°F),  temperature  abuse  of  4  hr  at  85°F 
following  45  and  59  days  of  storage,  and  storage  times  of  0,  6,  9,  12,  18 
and  24  months  depending  on  the  product.    Evaluations  included  shelf  life, 
microbial,  sensory,  instrumental  texture,  weight  loss,  chemical  and  cooking 
propert  ies. 


MATERIALS  AND  METHODS 

I .  General 

The  overall  design  of  the  project  is  given  in  Figure  1.    Due  to  the 
need  to  freeze  the  product  out  of  boxes,  it  took  four  weeks  of  a  month  to 
put  up  a  given  product.     In  order  to  reduce  possible  sources  of  variation 
in  beef  roasts,  selection  of  the  top  rounds  for  the  project  occurred  at  the 
packing  plant.    Top  rounds  from  paired  right  and  left  sides  of  USDA  Choice 
carcasses  were  selected.    The  carcasses  providing  rounds  were  similar  in 
weight,  external  fat  cover,  muscling  and  marbling  (lower  1/3  of  the  grade). 
Each  top  round  was  cut  into  3-pound  roasts  which  were  distributed  within 
the  various  storage  times  for  a  particular  freezing  rate. 

A.  Freezing  Rates:    0°F  in  either  24,  48,  72  or  96  hours. 

Product  was  frozen  out  of  boxes  on  wire  racks  on  shelves  placed  in  freezers 
of  the  Refrigeration  Research  Foundation,  University  of  Maryland.  Product 
was  spaced  such  that  air  flow  was  present  and  consistent  between  the 
various  samples.    Approximately  37  boxes  of  product  (out  of  the  boxes)  were 
frozen  at  a  time.    Product  was  in  1.5  mil  poly  bags  during  freezing.  Only 
minimum  air  velocity  was  used  in  the  freezers  during  freezing  to  reduce  the 
roast  to  roast  variation  in  freezing  times.    The  mean  freezing  curves  for 
all  four  rates  are  given  in  Figure  2.    Following  freezing,  product  was 
reboxed,  coded  for  identification  and  transported  to  the  Meat  Science 
Research  Laboratory. 

B.  Initial  Storage:    Prior  to  abuse  =  0"F,  -10"F  temperatures. 
For  the  beef  roasts,  each  box  contained  the  9  roasts/carcass  for  two 
carcasses.    After  abuse,  roasts  were  regrouped  to  contain/box,  one-half  the 
roasts  for  all  tests  that  were  performed  at  a  given  storage  time  and  that 
had  been  held  at  a  common  storage  temperature. 
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Figure  1.    Project  design. 
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gure  2.    Freezing  curves  to  reach  0°F  in  24,  48,  72,  and  96  hours  for 
beef  roasts. 
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C.  Pbuse:    No  abuse  (best  possible  handling).    Abuse  =  holding 
product  at  85°F  for  4  hrs  at  45  and  59  days  of  storage. 

D.  Final  Storage:    Following  temperature  abuse,  roasts  were  regrouped 
from  all  treatments  and  stored  in  boxes  at  one  of  three  temperatures  = 
+20°F,  0°F,  -10°F. 

E.  Storage  Times:    0,  6,  9,  1?  months.    Two  boxes  for  each 
combination  at  each  storage  time  were  subjected  to  evaluation.  Product 
identity  was  kept  separate  per  box. 

II.     Sample  Identity,  Storage,  and  Product  Evaluation. 

Before  the  project  was  started,  carcass  ioent i f icat ion  numbers  from 
each  freezinn  rate  (n=40)  were  assigned  to  one  of  five  research  proceoures 
(yield/shelf  1 ife;  raw  chemical;  cooked  chemical;  sensory;  Instron).  Roasts 
fabricated,  from  a  given  carcass  were  always  evaluated  for  the  same  test, 
thus,  carcass  identity  was  maintained  tnroughout  the  12-month  evaluation 
period  for  each  test  procedure.    Following  6,  9,  and  12  montns  of  frozen 
storage,  40  roasts  total  (eignt  roasts  from  eight  different  carcasses  fur 
each  of  the  five  procedures)  were  evaluated  for  eacn  of  the  four  freezing 
rates.    The  twelve  roasts/carcasses  were  allocated  for  evaluation  as 
follows:  one  before  freezing,  one  immediately  following  freezing,  one  at  5, 
9,  and  12  months  within  each  final  storage  temperature  for  a  specific 
initial  storage  temperature-temperature  abuse  combination  and  one  extra. 
Thus,  roasts  from  a  given  carcass  were  not  distributed  across  freezing 
rate,  initial  storage  temperatures  and  temperature  abuse  or  not  abuse. 


I 


i 


14 

III.  Cooking  Methodology 

Frozen  roasts  were  thawed  at  least  36  hours  at  4°C  prior  to  all 
analyses.    Thawed  roasts  were  placed  on  wire  racks  within  stainless  steel 
roasting  pans.    Roasts  were  cooked  at  162°C  to  an  internal  end-point 
temperature  of  68°C  (r-eneral  Electric  CN  52).    Oven  anu  internal  roast 
temperatures  were  monitored  by  means  of  copper  constantan  thermocouples 
attached  to  a  temperature  recording  device  (Honeywel'l  Multipoint  112). 
With  the  exception  of  roasts  cooked  for  sensory  analysis,  all  cooked  roasts 
were  cooled  to  50°C  prior  to  sampling. 

IV.  Sampling  and  Evaluation 

A.  Percent  Yield.    Product  losses  and  yields  were  determined  oy 
weight  loss  from  fresh  to  frozen,  during  storage,  frozen  to  thawed  ana 
thawed  to  cooked  state.    Drip,  evaporative  and  cooling  losses  were  also 
determ  i  ned . 

B.  Shel f 1 i f e  Eval uat ion .     Frozen  roasts,  within  the  bag,  were 
evaluatec  for  evidence  of  shelf  life  deterioration  by  a  trained  team  of 
staff  members.    Color  of  lean,  percent  frost,  and  percent  surface 
discoloration  were  evaluated  on  frozen  roasts.     Thawed  roasts  (without 
the  bag)  were  evaluated  for  the  presence  of  off-ooors,  lean  color  and 
surface  discoloration.    Lean  colors  were  evaluated  by  means  of  color  chips, 
typical  of  lean  meat  colors,  assigned  numerical  identification  codes  (Beef 
Carcase  Classification,  western  Australian  Department  of  Agriculture) 
whereby  8  =  light  grayish  red,  0  =  very  dark  purplish  Dlack.     Percent  frost 
and  percent  surface  discoloration  were  evaluated  on  a  seven-point  scale 

(1  =  greater  than  90  percent  of  the  surface  covered  in  frost  or  discolored; 
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7=0  percent  frost  or  surface  discoloration).    Odor  was  evaluated  on  a 
four-point  scale  (1  =  extreme  off-odor;  4  =  no  off-odor).    Scoring  systems 
are  given  in  Table  A. 

C.  Chemical  Analayses.    To  minimize  sample  waste,  one  thawed  roast 
provided  samples  for  three  chemical  analyses.    Thawed,  uncooked  roasts  were 
trimmed  of  extraneous  muscles  and  intermuscular  fat  prior  to  sampling. 
Analyses  were  conducted  within  four  hours  of  sampling. 

1.  Expressible  juice.    Two  core  samples  (1.25  cm  g i ameter ) /per  roast 
were  excised  from  the  center  of  each  roast,  placed  in  ziplock 
plastic  bags,  and  allowed  to  warm  to  25°C  before  analysis. 
Expressible  juice  was  determined  from  each  core  sample  according 
to  the  procedures  of  Wierbecki  ana  Deatherage  (1958)  with 
modifications  described  by  Briskey  et  al.  (1959). 

2.  Two-Thiobarbituric  Acid  Analysis.    Two  cross-section  slices  (0.60 
cm  thick)  were  removed  from  two  different  locations  within  the 
muscle  of  each  roasts.    The  entire  outer  surface  and  interior  of 
the  slices  were  representee)  in  the  sample.    To/5  analysis  was 
conductea  in  duplicate  on  one  sample  from  each  slice  according  to 
the  distillation  procedure  of  Tarladgis  et  al.  (1960). 

3.  Fat  and  Moisture  Analysis.    The  remaining  portion  of  the  muscle 
was  cut  into  cubes,  ground  once  through  a  .96  cm  plate,  then 
ground  twice  (.32  cm)  for  fat  and  moisture  determinations  mOAC 
(1980).     Percent  moisture  was  determined  by  weight  loss  of  tiiree 
five-gram  samples/roast  following  18  hours  of  drying  at  100°C  in 
a  vacuum  oven  (Precision  524).    Percent  fat  was  determined  by 
weight  loss  of  three  five-gram  samples  following  16  nours  of 
Soxhlet  extraction  with  netroleum  ether. 
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Table  A.    Scoring  systems  for  She  1 f 1 i f e  Evaluation 


Surface  Discoloration 


and 

Freezer  Burn 

Color  of  Leand 

Off -odor 

7 

=  0% 

3 

Light  grayish  red 

4 

=  No  off-odor 

6 

=  <10% 

7 

Very  light  cherry  red 

3 

=  SI ight  off-odor 

5 

=  11-25% 

6 

Moderately  light  cherry  red 

2 

=  Moderate  off-odor 

4 

=  26-50% 

5 

Cherry  red 

1 

=  Extreme  off-odor 

j 

=  51-75^; 

4 

SI ight 1 y  darK  red 

2 

=  76-90% 

3 

Moderately  dark  red 

1 

=  >90% 

2 

Dark  red 

1 

Very  dark  red 

0 

Dark  pur pi ish  bl ack 

dPhotographic  scale  adapted  from  Western  Australian  Beef  Carcase 
classification  system. 


Cooked  roasts  were  sampled  after  cooling  to  50°C  and 
analyzed  similarly  to  raw  roasts  for  expressible  juice  and 
percent  fat  and  moisture.    TBA  analysis  was  not  conducted  on 
cooked  roasts. 

D.    Sensory  Analysis.    An  eight-member  descriptive  attribute  panel 
was  trained  according  to  the  procedures  of  Cross  et  al .  (1978).  Panelists 
evaluated  sliced  roast  beef  for  tenderness,  juiciness*,  beef  flavor 
intensity,  the  presence  of  other  flavors  and  their  intensities,  and  the 
amount  of  connective  tissue.    Tnese  attributes  were  evaluated  on  an 
eight-point  structured  scale  (8  =  extremely  tender,  juicy,  intense  in 
flavor,  and  no  connective  tissue;  1  =  extremely  tough,  dry,  bland  ana 
abundant  in  connective  tissue).    Scoring  systems  are  presented  in  Taole 

Roast  beef  slices  were  cut  with  a  slicing  machine  (U.S.  tierkel) 
perpendicular  to  the  muscle  fioers.    Slices  were  approximately  one  mm 
thick.    Each  panelist  evaluated  two  pieces  (3.1  cm?)  from  two  different 
slices  per  sample.    Each  piece  was  cut  to  include  50  percent  outside  and  50 
percent  inside  edge  areas  of  a  slice.    Every  effort  was  made  to  keep  the 
samples  hot  during  serving.     Panelists  received  warm  water  and  unsalted 
melba  toast  between  samples.    Taste  panel  sessions  were  conducted  during 
each  storage  evaluation  period.    Two,  four-sample  sessions  were  held  twice 
a  week  until  each  treatment  had  been  replicated  twice.    Each  day's  double 
session  took  approximately  one  hour.    A  10-minute  break  was  provided 
between  sessions.    Serving  order  was  completely  random  within  a  session. 
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E.  Instron  Texl.ural  Measurements .    Two  roasts  from  eacn 
treatment/storage  time  were  cooked  and  cooled  to  room  temperature  prior  to 
evaluation.    Shear  force  was  determined  on  six  cores  (1.25  cm)/roast  by 
means  of  a  Warner  Bratzler  shearing  device  attached  to  an  Instron  1122. 
Shear  force  measurements  were  also  determined  using  a  straight  edge  shear 
blade  on  six  individual  slices  (3.1  cm^)  folded  to  a  double  thickness. 
Instron  measurements  included  peak  load,  Newton's,  modulus  ana  fail  energy. 

F.  Statistical  Analyses.    Data  were  reduced  and  suojected  to  analyses 
of  variance  which  included- evaluations  for  freezing  rate,  initial  storage 
temperature,  final  storage  temperature  and  temperature  abuse  within  storage 
tines  and  all  appropriate  interactions.     Storage  time  comparisons  included 
all  the  above  sources  of  variation  in  individual  time  comparisons  involving 
values  obtained  immediately  following  freezing  with  a  particular  storage 
time.    Also,  adjacent  storage  times  (six  vs  nine  months,  nine  vs  twelve 
months,  etc.)  were  also  compared.    Data  were  evaluated  and  adjusted  for 
additional  analyses  based  on  carcass  to  carcass  variation  and  variation  due 
to  grouping  of  carcasses  for  particular  freezing  rates. 

The  mean  separation  technique  of  Tukey's  HSD  was  employed.     In  the 
case  of  color  and  flavors,  Chi-square  was  utilized  on  freouency 
distributions  for  main  effects  ana  selected  treatment  comoinat ions .    At  the 
beginning  of  each  section  on  new  variable  data  in  the  Results  ana 
Discussion,  a  general  overall  tanle  illustrating  means  ana  standaro 
deviations  is  provided.    The  following  tables  within  the  sections  indicate 
the  mean  differences  and  standard  errors. 
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RESULTS  AND  DISCUSSION 

Color  scores  expressed  as  frequency  percentages  in  Table  1  indicate 
that  some  differences  existed  among  freezing  rates  (different  animals  in 
this  case)  before  freezing  was  ever  initiated.    The  major  differences 
appear  to  be  the  occurrence  of  more  slightly  dark  red  and  moderately  dark 
red  with  less  very  light  red  and  light  grayish  red  in  the  roasts  selected 
for  the  0°F  in  48-hr  rate  compared  to  the  other  three  rates. 

Color  frequency  values  according  to  the  various  combinations  of 
freezing  rate  and  final  storage  temperature  for  roasts  stored  six  months 
are  presented  in  Table  2.    Unlike  before  freezing,  roasts  frozen  to  0"F  in 
48  hr  were  lighter  in  color  than  roasts  frozen  at  the  other  three  rates. 
There  was  less  slightly  dark  red  in  product  stored  at  +2CTF,  but  more  very 
dark  red  and  blackish  purple  compared  to  the  other  two  storage 
temperatures . 

At  twelve  months  of  storage  temperature,  frozen  abused  product 
displayed  less  of  the  lighter  colors  and  more  of  the  darker  colors  compared 
to  nonabused  product  (Table  3). 

As  storage  increased,  (six  to  twelve  months)  the  incidence  of  dark  red 
color  increased  for  roasts  stored  at  +20°F  but  slightly  decreased  for 
roasts  stored  at  -10°F  and  0°F  (Table  4).    The  highest  frequencies  of  this 
pigment  occurred  just  before  and  after  freezing  of  roasts.    More  rapid 
freezing  (0"F  in  24  hr)  decreased  the  incidence  of  this  piqment,  while  the 
opposite  was  true  for  slower  rates  of  freezing. 

Blackish  purple  was  never  found  before  freezing,  but  was  frequently 
noted  immediately  following  freezing  of  roasts  (Table  5).    Storage  at  +2CTF 
tended  to  increase  the  occurrence  of  this  pigment. 


Table  1.       Color  scores  assigned  to  beef  roasts 
prior  to  freezing3 


Freezing  rate,  hours  to  0"F 


Color 

24 

48 

72 

96 

Light  grayish  red 

4 

.07 

0 

.84 

4 

.13 

3, 

.23 

Very  light  cherry  red 

17 

.07 

TO. 

.92 

19 

.83 

20 

.  16 

Moderately  light  cherry  red 

23 

.58 

22 

.69 

19 

.83 

20 

.16 

Cherry  red 

17 

.07 

13 

.45 

14 

.05 

8 

.06 

SI  ightly  dark  red 

20 

.33 

26 

.05 

18 

.18 

15 

.32 

Moderately  dark  red 

14 

.63 

21 

.85 

15 

.70 

18 

.55 

Dark  red 

3 

.25 

3 

.36 

8 

.26 

10 

.48 

Very  dark  red 

0 

.00 

0 

.84 

0 

.00 

4 

.03 

Chi-square  =  35.68;  P<.0238 

aValues  are  percentages  of  scores  assigned  within  a  freezing 
rate. 
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Table  3.       Color  scores  assigned  to  frozen  beef 
roasts  according  to  temperature  abuse  following 
twelve  months  storage3 


Temperature  abuse 


Color  T  N 


Very  light  cherry  red 

1. 

.01 

.47 

Moderately  light  cherry  red 

4, 

.32 

9 

.48 

Cherry  red 

2 

.59 

3 

.79 

SI ight ly  dark  red 

17, 

.58 

21 

.80 

Moderately  dark  red 

19, 

.45 

18. 

.96 

Dark  red 

23, 

.30 

23 

.70 

Very  dark  red 

21, 

.04 

18, 

.01 

Blackish  purple 

10, 

.66 

3 

.79 

Chi-square  =  19.86,  P<.0059 

aValues  are  percentages  of  scores  assigned  within 
either  temperature  abused  (T)  or  nonabused  (N) 
product . 
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Color  scores  on  thawed  roasts  at  six  months,  while  statistically 
different,  followed  no  apparent  trend  respective  to  freezing  rate  (Table 
6).    At  twelve  months,  thawed  roasts  stored  at  +2CTF  displayed  less  very 
light  cherry  red  and  more  dark  red  and  very  dark  red  (Table  7).  While 
differences  were  noted  respective  to  rate  and  final  storage  temperature, 
they  followed  no  consistent  trend.    Following  twelve  months  storage,  thawed 
and  temperature  abused  roasts  were  scored  as  being  lighter  in  color  than 
nonabused  roasts  (Table  8). 

As  with  other  pigments,  moderately  dark  red  was  quite  prevalent  just 
before  and  after  freezing  (Table  9).    Following  twelve  months  of  storage, 
this  color  was  found  more  on  the  surface  of  roasts  stored  at  +  20°F  than  at 
0  and  -10°F. 

Very  dark  red  increased  in  frequency  immediately  following  freezing 
for  the  faster  rates  of  freezing  and  decreased  for  the  slower  rates  of 
freezing  (Table  10).    Following  twelve  months  of  storage,  roasts  stored  at 
+20°F  had  qreater  frequency  of  this  pigment. 

Table  11  provides  general  linear  means  and  standard  deviations  for 
surface  discoloration  scores  on  frozen  roasts  throughout  storage  and 
according  to  final  storage  temperature  and  freezing  rate.    As  can  be  noted, 
both  temperature  and  nontemper ature  abused  product  was  evaluated  after 
twelve  months  storage. 

Freezing  in  itself  produced  a  considerable  increase  in  surface 
discoloration  (Table  12).    Also,  there  was  more  discoloration  after  six, 
nine  and  twelve  months  compared  to  immediately  following  freezinq. 
Comparisons  of  immediately  following  freezing  with  initial  and  final 
storage  temperature  combinations  for  surface  discoloration  on  frozen  roasts 
is  presented  in  Table  13.    One  of  the  initial-final  temperature 


Table  6.       Color  scores  assigned  to  thawed  beef  roasts 
according  to  freezing  rate  following  six  months  storage3 


Freezing  rate,  hours  to  0°F 


Color  24  48  72  96 


Light  grayish  red 

0. 

.00 

0 

.00 

.38 

0. 

.00 

Very  light  cherry  red 

3 

.02 

9 

.09 

12. 

.41 

11, 

.85 

Moderately  light  cherry  red 

9 

.05 

14 

.97 

9 

.02 

4, 

.27 

Cherry  red 

8, 

.62 

3 

.21 

3 

.38 

3 

.79 

SI ight ly  dark  red 

22. 

,41 

21. 

.39 

20 

.68 

15, 

.17 

Moderately  dark  red 

18. 

.10 

18, 

.72 

15 

.04 

18 

.01 

Dark  red 

24. 

,14 

20. 

.86 

23 

.68 

25. 

.59 

Very  dark  red 

12. 

.93 

10. 

.70 

11 

.28 

18 

.96 

Blackish  purple 

1 , 

.72 

1 , 

.07 

4, 

.14 

2 

.37 

Chi-square  -  56.07;  P<.0002 

dValues  are  percentages  of  scores  assigned  within  rate  of 
f ree zi  ng  . 
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Table  8.       Color  scores  assigned  to  thawed  beef 
roasts  according  to  temperature  abuse  following 
twelve  months  storage3 


Temperature  abuse 


Color  T  N 


Light  grayish  red 

.86 

0 

.00 

Very  1  ight  cherry  red 

12 

.42 

4 

.71 

Moderately  light  cherry  red 

17 

.34 

13, 

.04 

Cherry  red 

4 

.67 

5 

.43 

SI  i ght 1 y  dark  red 

22 

.02 

21 

.74 

Moderately  dark  red 

19 

.68 

20 

.65 

Dark  red 

18 

.08 

22 

.46 

Very  dark  red 

4 

.31 

11 

.23 

Bl acki sh  purpl e 

.49 

.72 

Chi-square  =  35.70,  P<  .0001 

aValues  are  percentages  of  scores  assigned  within 
either  temperature  abused  (T)  or  nonabused  (N) 
product . 
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Table  12  .    Effect  of  various  storage  time  comparisons  on 
sensory  scores  for  surface  discoloration  on 
frozen  beef  roasts 


 Evaluation  times  

Immediately  before  Immediately  following 
 f reezi  ng  freezing,  1  day 

5.64  +  .14a  3.55  +  .14b 


Immediately  following 
freezing,  1  day 


6  months 


3.57  +  .22a 


2.24  +  .22b 


Immediately  following 
freezing,  1  day 


9  months 


3.57  +  .22a 


2.38  +  .22b 


Immediately  following 

freezing,  1  dayc  12  months0 

3.69  +  .22a  2.32  +  .22b 


Immediately  following 

freezing,  1  day  12  months^ 


3.57  +  .13a  1  .88  +  .13b 


ab    Means  on  the  same  line  with  different  letters  are 

di  fferent .    Mean  +  S.E. 
cIncludes  just  temperature  abused  product. 
^Includes  just  +2U°F  final  storage  temperature  product. 


QJ 

u_ 

C71  O 

0 

<T3 

0) 

C_ 

CT> 

o 

QJ 

<T3 

a; 

*J 

c 

L. 

(_ 

u\ 

O 

=3 

+J 

4-> 

*-> 

fO 

«/> 

<u 

c_ 

c_ 

OJ 

CJ 

CL 

<o 

CL 

E 

c 

E 

c 

01 

aj 

*-> 

u. 

*j 

>1 

QJ 

c 

CD 

•»-» 

c 

fa 

J 

>, 

o 

rsi 

•o 

ai 

■a 

QJ 

at 

o 

i_ 

<*- 

QJ 


.O 
CM 


JO 

CM 


C7l 
CM 


CM 


+  1 


CM 


+  1 


T3 
O 
-Q 
<JO 
CM 


+  1 

oo 
o 


TO 

o 

jO 

to 

CM 


+  1 

CM 


JO 

cm 
+  1 


34 


+  1 


QJ 


+  1 


CD 

o 


+  1 

cy> 
o-i 


( — 
CM 


+  1 

n 


JO 
CM 


U3 


+  1 


U 
JO 
XI 
CM 


(71 
VJT) 


X) 
CM 


+  1 


+  1 


O 

CO 
CM 


+  1 

O 

in 


JO 

CO 
CM 


+  1 

l£> 


I/O 
+  1 


35 

combinations  (0°F  initial,  -10°F  final)  did  not  increase  in  surface 
discoloration  over  that  found  immediately  following  freezing  at  either  six, 
nine  or  twelve  months.    At  six  and  nine  months,  0°F  initial  and  0°F  final 
storage  temperatures  also  did  not  produce  a  significant  (P<.05)  increase  in 
surface  discoloration  over  that  scored  immediately  following  freezing.  For 
product  initially  stored  at  CfF,  that  held  finally  at  +20"F  had  more 
surface  discoloration  than  roasts  stored  at  - 10" F  at  both  six  and  twelve 
months,  but  not  at  nine  months. 

The  effects  of  final  storage  temperature  itself  on  surface 
discoloration  in  roasts  is  given  in  Table  14.    Following  either  six,  nine 
or  twelve  months,  +20°F  product  had  more  discoloration  than  product  held  at 
-10  and  0°F  temperatures.    An  interaction  of  storage  time  (six,  nine 
months)  with  final  storage  temperature  is  shown  in  Table  15.    Roasts  stored 
at  +20°F  were  rated  as  more  discolored  than  those  held  at  -10  and  0°F  for 
both  storage  periods.    In  addition,  roasts  stored  at  six  months  at  +20°F 
displayed  more  discoloration  than  roasts  stored  for  nine  months  at  +20T. 
A  similar  type  interaction  comparison  for  nine  and  twelve  months  (Table  16) 
showed  slightly  different  results.    Product  stored  at  +20T  for  six  months 
did  not  differ  in  surface  discoloration  from  that  held  at  -10°F  for  six 
months  or  stored  at  +20°F  for  twelve  months. 

A  significant  ( P< .05 )  interaction  of  storage  time  (nine,  twelve 
months)  and  freezing  rate  was  detected  for  surface  discoloration  on  frozen 
roasts  (Table  17).    Freezing  rate  did  not  affect  scores  within  nine  months 
stored  product,  while  at  twelve  months,  roasts  frozen  to  0°F  in  48  hr 
displayed  less  discoloration  than  the  other  three  frozen  rates.  Comparison 
of  storage  times  within  rates  failed  to  produce  any  significant 
differences.    A  significant  freezing  rate  by  initial  storage  temperature 
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Table  14  .    Effect  of  final  storage  temperature  on  sensory  scores  for 
surface  discoloration  on  frozen  beef  roasts  following 
either  six,  nine  or  twelve  months  storage 


Final  storage  temperature,  °F 


Eval uation 

time,  months  -10   0    20 


6 

2.56 

+ 

,13a 

2.49 

+ 

.13a 

1  .66 

+ 

.13b 

9 

2.45 

+ 

.14ab 

2.65 

+ 

.14a 

2.05 

+ 

.14b 

12 

2.70 

+ 

.13a 

2.53 

+ 

.13a 

1  .73 

+ 

.13b 

ab    Means  on  the  same  line  with  the  same  letters  are  not  different 
(P>.05).    Mean  +  S.E. 
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Table  15  .     Interaction  of  storage  time  (six,  nine  months)  and  final 
storage  temperature  on  sensory  scores  for  surface 
discoloration  on  frozen  beef  roasts 


Fi  nal 

storage 

temperature, 

°F 

Eval uati  on 
time,  months 

-10 

0 

20 

6 

2. 

56 

+  .078a 

2.49 

+  .078a 

1  .66  + 

.078c 

9 

2. 

45 

+  .078a 

2.65 

+  .078a 

2.05  + 

.0780 

ab    Any  mean  comparisons  with  the  same  letter  are  not  different  (P>.05). 
Mean  +  S.E. 


Table  16  .     Interaction  effect  of  storage  time  (nine,  twelve  months) 
and  final  storage  temperature  on  sensory  scores  for 


surface 

di  scoloration 

on  frozen  beef 

roasts 

Final 

Storage  Temperature, 

°F 

Eval uati  on 
Time,  months 

-10 

0 

+  20 

9 

2.45  +  JOab 

2.65  +  .10a 

2 

.05  +  .10bc 

12 

2.70  +  .10a 

2.53  +  .10a 

1 

.73  +  .10c 

abc    Any  mean  comparison  with  the  same  letter  is  not  different 
(P>.05).    Mean  +  S.E. 
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interaction  was  noted  for  surface  discoloration  on  frozen  roasts  after 
twelve  months  storage  (Table  18).    However,  this  effect  was  detected  only 
by  analysis  of  variance  and  not  by  HSD.    Also,  after  twelve  months  storage, 
nontemperature  abused  product  showed  more  evidence  of  discoloration  than 
temperature  abused  product  (Table  19). 

The  general  table  illustrating  overall  linear  means  and  standard 
deviations  for  surface  discoloration  on  thawed  roasts  is  presented  in  Table 
20.    The  trend  was  for  more  discoloration  to  be  noted  with  the  +20°F 
storage  temperature. 

Comparisons  of  the  significant  (P<.05)  differences  of  storage  times 
compared  with  immediately  following  freezing  for  discoloration  on  thawed 
roasts  are  shown  in  Table  21.    There  was  also  again  a  sizeable  increase  in 
surface  discoloration  solely  as  a  function  of  just  freezing.    After  all 
storage  periods,  roasts  were  more  discolored  than  just  after  freezing. 

Product  frozen  to  0°F  in  48  hr  had  less  discoloration  than  roasts 
frozen  to  72  or  96  hr  immediately  following  freezing  (Table  22).  This 
difference  was  true  at  six  months  of  storage  but  only  for  the  CTF  in  48  hr 
vs  0°F  in  96  hr  comparison.    This  difference  between  CTF  in  48  hr  and  CTF 
in  96  hr  was  not  found  after  nine  months  of  storage  (Table  23). 

However,  at  nine  months  of  storage,  roasts  stored  at  CTF  displayed 
less  discoloration  than  roasts  held  at  either  -10"F  or  +20" F  (Table  24). 
Final  storage  temperature  was  also  involved  in  an  interaction  with  nine  and 
twelve  month  storage  time  (Table  25).    After  nine  months  storage,  roasts 
stored  at  0"F  had  less  discoloration  than  +20" F  stored  roasts.    This  was 
true  after  twelve  months  storage,  but  discoloration  on  thawed  roasts  stored 
at  -10"F  was  also  less  than  +20"  F  stored  roasts.    A  comparison  of  values 
obtained  immediately  following  freezing  with  various  initial-final  storage 
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Table    19.    Effect  of  temperature  abuse  on  sensory  scores 
for  surface  discoloration  on  frozen  beef 
roasts  following  twelve  months  storage 


Temperature  Abuse 


1.73  +  .087b  2.03  +  .087a 


ab    Difference  between  means  significant  (P<.05). 
Mean  +  S.E. 
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Table    20.    General  table  illustrating  the  sensory  scores  for  surface  discoloration  on  thawe 
beef  roasts  throughout  storage  and  according  to  final  storage  temperature  and 
rate  of  freezing  -  no  statistical  analyses3 


Freezing  rate,  hours  to  0°F 


Eval uation 
time 

Final  storage 
temperature,  °F 

24 

48 

72 

96 

Before  freezing 

c  oo 

b  .11 

+ 

1  .0/ 

6  .00 

+ 

r  r 

.  DO 

r 

D 

.be 

+ 

CIA 

.  94 

C    7  1 

b .  /  1 

+ 

.  by 

immeoiaieiy  atter 

freezing,  1  day 

O  CO 

+ 

.  96 

4.  12 

+ 

r  1 

.  0  1 

o 
C 

.9/ 

+ 

o  n 
.  80 

C  .  92 

+ 

O  0 

.83 

6  months 

-10T 

2.55 

+ 

.69 

2.81 

+ 

.54 

2 

65 

+ 

.49 

2.42 

+ 

.62 

0T 

2.50 

+ 

.51 

2.94 

+ 

.44 

2 

.65 

+ 

.61 

1 .96 

+ 

.54 

20T 

2.00 

.65 

2.44 

+ 

.51 

2 

.50 

T 

.51 

2.20 

+ 

.43 

9  months 

-10T 

2.17 

+ 

.64 

2.21 

+ 

.43 

2 

28 

+ 

.51 

2.35 

+ 

.59 

0T 

2.79 

T 

.80 

2.66 

+ 

.59 

2 

.39 

T 

.50 

2.25 

T 

.44 

20T 

2.17 

T 

.51 

2.00 

T 

.72 

2 

00 

T 

.34 

2.3 

.47 

12  months 

-10T 

2.52 

+ 

.52 

2.85 

+ 

.37 

2 

.75 

+ 

.45 

2.37 

+ 

.62 

0T 

2.67 

+ 

.50 

3.12 

+ 

.62 

2 

56 

+ 

.51 

2.75 

T 

.45 

20T 

1.98 

+ 

.39 

2.12 

+ 

.32 

1 

.88 

+ 

.50 

2.12 

T 

.62 

20N 

2.0 

T 

.36 

2.12 

.62 

2 

.19 

+ 

.54 

1.81 

T 

.54 

dMean  _+  S.E.;  T  =  Temperature  abused;  N  =  Not  temperature  abused. 


Table  21  .    Effect  of  various  storage  time 
comparisons  on  sensory  scores  for  surface 
discoloration  on  thawed  beef  roasts 


 Evaluation  times  

Immediately  following 
Before  freezing  freezing,  1  day 

5.64  +  .11a  3.37  +  .14b 

Immediately  following 

freezing,  1  day  6  months  

3.49  +  .19a  2.47  +  .19b 

Immediately  following 

freezing,  1  day  9  months  

3.49  +  .19a  2.30  +  .19b 

Immediately  following 

freezing,  1  day  12  monthsc  

3.43  +  .19a  2.47  +  .19b 

Immediately  following 

freezing,  1  day  12  months^  

3.39  +  .14a  2.03  +  .14b 

ab    Means  on  the  same  line  with  different 
letters  are  different  (P< .05) ; 
Mean  +  S.E. 

cIncludes  only  temperature  abused  product. 

"^Includes  only  +20°F  stored  product. 
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Table  22  .    Effect  of  various  storage  time  comparisons  on  sensory  scores 
for  surface  discoloration  on  thawed  beef  roasts 


 Freezing  rate,  hours  to  0"F  

Evaluation  time  24  48  72  96 

Immediately  following 

freezing,  1  day  3.52  +  .23ab       4.12+  .33a       2.97  +  .23b         2.92  +  .23b 

6  months  2.34  +  .llab       2.73  +  .11a       2.6    +  .llab       2.20  +  .lib 


ab    Means  on  the  same  line  with  the  same  letters  are  not  different  (P>.05); 
Mean  +  S.E. 
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Table  23  .    Interaction  effect  of  storage  time  (six,  nine  months)  and  rate  of  freezing 
on  sensory  scores  for  surface  dicoloration  on  thawed  beef  roasts 


 Freezing  rate,  hours  to  0°F  

Evaluation  "       ~  "  ' 

time,  months  24  48  72  96  

6  2.35  +  .llab         2.73  +  .11a  2.6    +  . 1 1 ab         2.2  +  .lib 

9  2.37  .+  .llab         2.29  +  .llab  2.22  +  .lib  2.3  +  .llab 


ab    Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05);  Mean  +_S.E. 


Table  24  .    Effect  of  final  storage  temperature 
on  sensory  scores  for  surface  discoloration  on 
thawed  beef  roasts  following  9  months  of  storage 


Final  storage  temperature,  °F 


-10  0  20 


2.25  +  .072b         2.52  +  .072a        2.12  +  .072b 


ab    Means  on  the  same  line  with  different 

letters  are  different  (P<.05);  Mean  +  S.E. 


Table    25-    Interaction  effect  of  storage  time  (nine,  twelve  months) 
and  final  storage  temperature  on  sensory  scores  for 
surface  discoloration  on  thawed  beef  roasts 


Evaluation 
time,  months 

Final 

storage 

temperature, 

°F 

■10 

0 

20 

9 

2.25 

+  .09bc 

2.52 

+  .09ab 

2.12 

+  .09c 

12 

2.62 

+  .09ab 

2.78 

+  .09a 

2.03 

+  .09c 

abc    Any  mean  comparison  with  different  letters  is  different  (P<.05); 
Mean  +  S.E. 
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temperature  values  at  twelve  months  (Table  26)  showed  no  difference  between 
immediately  following  freezing  and  -10T  initial  and  OT  final  storage 
temperature  product. 

A  significant  (P<.05)  interaction  was  also  found  for  thawed  roast 
discoloration  according  to  initial  storage  temperature,  final  storage 
temperature  and  freezing  rate  (Table  27).    Two  major  differences  are 
responsible  for  this  significant  interacti on--the  less  discoloration  on 
roasts  frozen  to  OT  in  48,  initially  stored  at  OT  and  finally  stored  at 
OT  vs  roasts  frozen  and  initially  stored  the  same,  but  held  at  +20T.  The 
other  major  difference  was  the  reduced  discoloration  occurred  in  the  OT  in 
72  hr  rate  where  -10T  initial  and  -10T  final  temperature  stored  product 
had  less  discoloration  than  OT  initial  and  +20T  final  temperature  stored 
product . 

The  general  table  showing  linear  means  and  standard  deviations  for 
percent  freezer  burn  is  provided  in  Table  28.    More  freezer  burn  appeared 
as  storage  time  progressed,  especially  for  roasts  frozen  T  in  96  hr. 
Following  both  six  and  nine  months  of  storage,  roasts  displayed  more 
freezer  burn  than  immediately  following  freezing  (Table  29).  However, 
twelve  month  stored  roasts  showed  less  freezer  burn  than  nine-month  stored 
roasts . 

A  significant  ( P< .05 )  interaction  (by  analysis  of  variance,  but  not 
HSD)  was  noted  for  freezer  burn  on  roasts  at  twelve  months  according  to 
initial  and  final  storage  temperatures  (Table  30).    However,  at  twelve 
months,  roasts  frozen  to  OT  in  24  hr  showed  less  freezer  burn  than  roasts 
frozen  to  OT  in  96  hr  (Table  31).    Comparisons  of  immediately  after 
freezing  with  initial-final  temperature  combinations  at  nine  and  twelve 
months  are  shown  in  Table  32.    At  nine  months  only,  the  OT  initial  and 
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Table    28.    General  table  illustrating  the  sensory  scores  for  freezer  burn  on  frozen 
beef  roasts  throughout  storage  and  according  to  final  storage  temperature 
and  rate  of  freezing  -  no  statistical  analyses3 

 Freezing  rate,  hours  to  0°F  

Evaluation                Final  storage 
time  temperature,  °F  24  48  72  96 


Immediately  after 
freezing,  1  day 

6  months  -10T 

OT 
20T 

9  months  -10T 

OT 
20T 

12  months  -10T 

OT 
20T 
20N 


4 

.09 

+ 

.64 

3 

.75 

+ 

.85 

4 

.05 

+ 

.51 

3 

.65 

+ 

.74 

3 

.75 

+ 

.72 

3 

.80 

+ 

.70 

3 

.1 

+ 

.91 

3 

.15 

.99 

3 

.33 

+ 

.89 

2 

.67 

+ 

.65 

3 

.45 

+ 

.81 

3 

.42 

T 

.67 

3 

.68 

T 

.60 

3 

.00 

T 

.60 

3 

.75 

+ 

.75 

3 

.50 

+ 

.63 

4 

.25 

T 

.75 

3 

.52 

+ 

.85 

4 

.33 

+ 

.78 

3 

.65 

+ 

.50 

3 

.50 

T 

.52 

4 

37 

+ 

.55 

4 

4 

+ 

.74 

3 

12 

+ 

1.15 

3 

44 

+ 

.63 

3 

25 

+ 

.68 

3 

25 

.77 

3 

.19 

+ 

.65 

3 

62 

+ 

.50 

3 

.19 

+ 

.40 

3 

9 

+ 

.79 

3 

67 

+ 

.61 

3 

.6 

T 

.60 

3 

.06 

+ 

.47 

2 

.92 

+" 

.29 

3 

.79 

+ 

.97 

3 

.87 

+ 

.99 

4 

.10 

+ 

.53 

3 

.4 

+ 

.94 

4 

.04 

+ 

.86 

2 

.96 

T 

.73 

3 

00 

T 

.74 

2 

.75 

T 

.46 

aMean  _+  S.D.;  T  =  Temperature  abused;  N  =  Not  temperature  abused. 


Table    29.    Effect  of  various  storage  time 
comparisons  on  sensory  scores  for  freezer 
burn  on  frozen  beef  roasts 

Eval uation 

times 

Immediately  following 
freezing,  1  day 

6  months 

4.23  +  .16a 

3.45  +  .16b 

Immediately  following 
freezing,  1  day 

9  months 

4.23  +  .15a 

3.32  +  .15b 

9  months 

12  months 

3.32  +  .089b 

3.76  +  .089a 

ab    Means  on  the  same  line  with  different 
letters  are  different  (P<  .05) ; 
Mean  +  S.E. 


Table  30  .    Interaction  effect  of  final  storage 
temperature  and  initial  storage  temperature  on 
sensory  scores  for  freezer  burn  on  frozen  beef 
roasts  following  twelve  months  of  storage3 


Initial  storage  temperature,  "F 

Final  Storage 

Temperature,  "F  -JO  0 

-10  3.47  +  .21  3.99  +  .21 

0  3.99  +  .21  3.66  +  .21 

+20  4.16  +  .21  3.32  +  .21 


interaction  significant  by  Analysis  of  Variance, 
but  not  by  HSD.    Mean  +  S.E. 


Table  31.    Effect  of  freezing  rate  on  sensory  scores  for 
freezer  burn  on  frozen  beef  roasts  following 
twelve  months  storage 


Freezing  Rate, 

hours  to  0°F 

24 

48 

72 

96 

4.1 

1  +  .17a 

3.55  +  . 17ab 

3.9o  +  .  I7ab 

3.41  +  .17b 

ab    Means  on  the  same  line  with  the  same  letters  are  not 
different  (P>.05);  Mean  +  S.E. 
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+20" F  final  temperature  combination  differed  in  surface  discoloration  from 
that  scored  just  after  freezing.    Both  -10"F  initial  and  - 1 0** F  final  and 
-10"F  initial  and  +20" F  final  temperatures  increased  in  surface 
discoloration.    At  twelve  months,  the  exact  same  differences  occurred 
except  none  of  the  0"F  initial  and  various  final  temperature  combinations 
increased  in  surface  discoloration  on  thawed  roasts  over  that  noted  right 
after  freezing. 

Off-odor  scores  in  linear  mean  and  standard  deviation  format 
throughout  the  study  are  given  in  Table  33.    Storage  time  seems  to  be  the 
major  variable  causing  an  increase  in  off-odor.    Off-odor  significantly 
(P<.05)  increased  at  all  storage  times  over  that  noted  right  after  freezing 
(Table  34,  35).    Before  initiation  of  freezing,  roasts  selected  for 
freezing  to  0"F  in  24  hr  had  more  off-odor  than  roasts  selected  for  the  0"F 
in  72  and  96  hr  (Table  36).    After  six  months  of  storage,  roasts  stored  at 
+20" F  had  more  off-odor  than  roasts  held  at  the  other  two  temperatures 
(Table  37).    This  paralleled  the  differences  in  surface  discoloration  noted 
at  this  storage  time  attributable  to  final  storage  temperature. 

After  nine  months  storage,  roasts  initially  stored  at  0"F  and  finally 
stored  at  0"F  had  less  off-odor  than  roasts  initially  held  at  0"F  and 
finally  stored  at  +-20" F  (Table  38).    Following  twelve  months  of  storage,  a 
significant  (P<.05)  interaction  of  initial  storage  temperature,  final 
storage  temperature  and  rate  of  freezing  was  found  for  off-odor  (Table  39). 
The  major  factor  resulting  in  this  interaction  appears  to  be  the  greater 
off-odor  in  roasts  frozen  to  0"F  in  24  hr,  initially  stored  at  - 10" F  and 
finally  stored  at  either  0  or  -10"F  compared  to  similar  initial  and  final 
storage  temperatures  for  0"F  in  48  hr  roasts  and  +20"F  stored  roasts  under 
the  same  initial  temperature  and  freezing  rate. 
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Table  34  .    Effects  of  various  storage  time  comparisons  on 
sensory  scores  for  off-odor  in  beef  roasts 


Evaluation 

time 

Immediately  following 
freezing,  1  day 

6  months 

3.91  +  .068a 

2.40  +  .068b 

Imned i atel y  following 
freezing,  1  day 

9  months 

3.91  +  .10a 

2.2^  +  .10b 

limned i  ately  fol  lowing 
freezing,  1  day 

12  monthsc 

3.91  +  .066a 

2.21  +  .()66b 

ab    Differences  between  means  on  the  same  line  are 
significant  (P<.05).    riean  +  S.E. 


cIncluaes  just  temperature  abused  product. 
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Table    35.    Effect  of  storage  time  (immediately  following 
freezing,  twelve  months)  on  sensory  scores 
for  off-odor  in  beef  roasts 


tvaluation  times 

limned  i  atel y 

f o 1 1 owi  ng 

f reez  i  ng , 

1  day                   12  monthsc 

3.91  + 

.061a                  2. 18  +  .06  lb 

ao    Difference  between  means  significant  (P<.05). 
iv:ean  +  S .  E  . . 


Induces  just  0°F  in  96  hour  freezing  rate. 
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lable  36. 

Interaction  effect  of  storage  time  (six 
and  rate  of  freezinn  on  sensory  scores 
in  beef  roasts 

,  n  i  ne  ii 
for  off- 

onths ) 
ouor 

Freezing  rate,  hours  to  °F 

Evaluation 
t  ime 

24                          48  72 

96 

Just  before 
freeziriG 

3.67 

+  .027b          3.97  +  .027ab         4.0    +  . 

027a 

4.0 

+  .027a 

6  monthsc 

2.23 

+  .11              2.62  +  .11              2.57  +  . 

1 1 

2.17 

+  .11 

•eans  on  the  same  line  with  the  same  letters  are  not  different  (P>.0r>).    Mean  +_  S.E 
ifferences  oue  to  freezing  rate  significant  (PX.05)  through  anlayses  of  variance, 
A  not  HSD. 


Table    37.    Effect  of  final  storage  temeprature  on 
sensory  scores  for  off-odor  in  beef 
roasts  following  six  months  storage 


Final  storage  temperature,  °F 


-10 

0 

20 

2.53  +  .076a 

2.59  + 

.076a 

2.07  +  .076b 

ab    Means  on  the  same  line  with  different  letters  are 
not  different  (P<.05);  Mean  +  S.E. 
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Table  38  .     Interaction  effect  of  initial  storage  temperature  and  final 
storage  temperature  on  sensory  scores  for  off-odor  in  beef 
roasts  following  nine  months  storage 


Initial  storage 
temperature,  °F 

Final 

storage  temperature, 

°F 

-10 

0 

20 

-10 

2.41  +  .12ab 

2.25  +  .1 2ab 

2.23  +  .1 2ab 

n 

2.40  +  .1  2ab 

2.58  +  .12a 

1 .8y  +  .  1 2b 

ab    Any  mean  comparisons  with  the  same  letters  are  not  different  (P>.n5). 
Mean  +  S.E. 
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Tenperature-abused  roasts  were  found  to  have  more  off-odor  at  twelve 
months  (Table  40).    Temperature-abused  roasts  also  were  more  discolored  at 
twelve  months.    Roasts  stored  for  twelve  months  had  more  off-odor  (Table 
41).    A  four-way  interaction  involving  storage  time  (immediately  following 
freezing  twelve  months)  initial  and  final  storage  temperature  and  freezing 
rate  was  noted  for  off-odor  (Table  41).    This  interaction  again  appears  to 
be  due  to  the  high  degree  of  off-odor  in  the  roasts  frozen  to  OT  in  24  hr, 
initially  stored  at  -TOT  and  finally  stored  at  either  -10T  or  OT.  Also, 
several  of  the  initial-final  storage  temperature  combinations  for  OT  in  48 
hr  product  did  not  possess  more  off-odor  following  twelve  months  compared 
to  just  after  freezing. 

TBA  values  for  roasts  expressed  as  linear  means  and  standard 
deviations  are  presented  in  Table  42.    Differences  according  to  the  design 
of  the  project  were  inconsistent.    TBA  values  for  roasts  frozen  to  OT  in 
48  hr  were  unobtainable  just  before  and  after  freezing.    There  was  a 
decline  in  TBA  values  immediately  following  freezing  to  either  OT  in  24 
and  72  hr,  but  not  96  hr  (Table  43). 

Comparisons  of  immediately  following  freezing  with  twelve  months  of 
storage  revealed  an  increase  in  TBA  values  (Table  44).    However,  nine 
months  of  storage  produced  a  decrease  in  TBA  values  compared  to  that  found 
right  after  freezing. 

Following  six  months  of  storage,  OT  in  96  hr  frozen  product  displayed 
higher  TBA  values  than  OT  in  48  or  72  hr  if  initially  stored  at  -10T.  No 
differences  were  found  in  TBA  values  of  roasts  initially  stored  at  OT 
(Table  45).     In  a  significant  ( P< .  05 )  interaction  of  storage  time  (six, 
nine  months)  initial  storage  temperature  and  freezing  rate  for  TBA,  the 
interaction  seems  to  center  on  the  increase  in  TBA  values  from  usinq  OT 


Table    40.    Effect  of  temperature  abuse  on  sensory  scores 
for  off-odor  in  beef  roasts  following 
twelve  months  storage 


Temperature  Abuse 
T  N 


2.01  +  .07b  2.34  +  .07a 


ah    Difference  between  means  significant  (P<.05). 

T  =  temperature  abused,  N  =  not  temperature  abused. 
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Table    42.    General  table  illustrating  TBA  values  for  beef  roasts  throughout  storage  and 
according  to  final  storage  temperature  and  rate  of  freezing 
-  no  statistical  analyses3 


Freezing  rate,  hours  to  0°F 


Evaluation 
time 

Final  storage 
temperature,  °F 

24 

48 

72 

96 

— 

Before  freezing 

1 

.41 

+ 

31 

1 

.48 

+ 

.82 

1 

0 

+ 
— 

.26 

Immediately  after 

freezing,  1  day 

1 

.02 

+ 

.25 

1 

7 

+ 

.69 

1 

.17 

+ 

.39 

6  months 

-10T 

.90 

+ 

.42 

.62 

+ 

.23 

.95 

+ 

.42 

1 

.36 

+ 

.35 

OT 

1 

.11 

T 

.45 

.82 

+ 

.33 

1 

.31 

+ 

.59 

1 

.67 

T 

.89 

20T 

1 

.23 

+ 

.32 

1 

.02 

+ 

.65 

1 

.33 

+ 

.45 

1 

.63 

+ 

.46 

9  months 

-10T 

.99 

+ 

.39 

1 

.25 

+ 

.73 

.81 

+ 

.19 

.77 

+ 

.26 

OT 

.92 

+ 

.37 

1 

.0 

T 

.39 

1 

.07 

+" 

.47 

1 

.01 

+ 

.71 

20T 

1 

.4 

+ 

.59 

1 

.95 

+ 

.56 

.76 

+" 

.22 

1 

.  1  1 

.4 

12  months 

-10T 

1 

.89 

+ 

.43 

1 

.15 

+ 

.56 

1 

.85 

+ 

.72 

1 

.7 

+  1 

.  1 

OT 

2 

.17 

+  1 

.10 

1 

.09 

+ 

.47 

2 

.34 

+  1 

.04 

1 

.39 

+ 

.50 

20T 

2 

.24 

+ 

.77 

2 

.03 

+ 

.60 

1 

.63 

+ 

.78 

1 

.66 

+ 

.55 

20N 

1 

.37 

+ 

.30 

1 

.61 

+ 

.48 

1 

.02 

T 

.37 

1 

.74 

T 

.62 

aMean  +  S.D.;  T  =  Temperature  abused;  N  =  Not  temperature  abused. 
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Table   43  .     Interaction  effect  of  storage  time  (just  before  and 
after  freezing)  and  rate  of  freezing  on  TBA  values 
for  beef  roasts3 


Freezing  rate,  hours  to  °F 


Evaluation  time 


24 


72 


96 


Before  freezing 


1.41  +  .11        1.48  +  .11        1.0    +  .11 


Immediately  following 
freezing,  1  day 


1.02  +  .11        1.7    +  .11        1.17  +  .11 


interaction  significant  (P<.05)  by  analysis  of  variance  but 
not  by  HSO;  Mean  +  S.E. 
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Table    44.    Effect  of  various  storage  time 
comparisons  on  TuA  values  for  beef  roasts 


Eval uat  ion 

t  imes 

Immediately  following 
freezing,  1  day 

9  months 

1 .36  +  .13a 

0.98  +  .13b 

9  monthsc 

12  months 

1 .09  +  .082b 

1  .99  +  .062a 

9  months^ 

12  months 

.96  +  .061b 

1.9    +  . OS  1  a 

Immediately  following 
freezing,  1  aay 

12  months 

1 .36  +  .19b 

1.9  +  .19a 

Immediately  following 
freezing,   1  day 

12  months'5 

1 .30  +  . 15b 

1  .  7o  +  .15a 

ab    Means  on  the  same  line  with  Different 
letters  are  different  (P<.05); 
iviean  _+  S .  E  . 

cIncluoes  only  0°f  initial  storage 
temperature  product. 

^Ooes  not  include  0°F  in  48  hr  product. 

eIncluues  unly  +20°F  final  storage 
temperature. 
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Table   45.     Interaction  effect  of  initial  storage  temperature  and  rate  of  freezing  on 
TBA  values  for  beef  roasts  following  six  months  of  storage 


 Freezing  rate,  hours  to  O'F  

Initial  storage 

temperature,  °F-  24  48  72  96 


-10  1.05  +  .16abc         .64+. 16c  .84  +_  .  16bc         1.8    +  .16a 

0  1.11  +  .16abc         .99  +  .16bc  1.55  +  . 1 6 ab         1.31  +  .16abc 


abc    Any  mean  comparison  with  different  letters  is  not  different  (P>.05);  Mean  +_S.E. 


72 

rather  than  -10T  initial  storage  temperature,  but  only  for  OT  in  72  hr  at 
six  months  and  OT  in  24  and  72  hr  at  nine  months  (Table  46).    At  just  nine 
months  of  storage  (Table  47)  roasts  frozen  to  OT  in  48  hr  produced  higher 
TBA  values  than  roasts  frozen  to  OT  in  24  or  72  hr  when  they  were 
initially  stored  at  -10T.    No  freezing  rate  differences  were  found  for 
roasts  stored  at  OT. 

An  interaction  involving  just  after  freezing  with  nine  months  storage 
and  including  initial  storage,  final  storage  and  freezing  rate  for  TBA 
values  is  illustrated  in  Table  48.    However,  only  a  few  differences  were 
noted  and  the  OT  in  48  hr  product  could  not  be  included  in  the 
comparisons. 

After  twelve  months  storage,  roasts  stored  initially  at  OT  contained 
higher  TBA  values  than  roasts  stored  initially  at  -10T  (Table  49).  Also, 
temperature  abused  product  produced  larger  TBA  values  at  twelve  months  than 
nonabused  product  (Table  50).    These  larger  TBA  values  related  to  more 
off-odor  on  temperature  abused  roasts  (Table  40).     Immediately  following 
freezing,  roasts  frozen  to  OT  in  72  hr  had  higher  TBA  values  than  OT  in 
24  hr  freezing  rate  roasts  (Table  51).    The  opposite  seemed  to  be  true  at 
twelve  months,  but  differences  were  only  significant  (P<.05)  by  analysis  of 
variance  and  not  HSD. 

The  next  section  of  tables  provides  information  on  sensory  values. 
From  the  general  table  of  linear  means,  beef  flavor  intensity  appeared  to 
be  influenced  (reduced)  by  storage,  but  only  slightly  (Table  52). 
Increases  in  storage  time  (nine  months  vs  right  after  freezing,  twelve 
months  vs  both  right  after  freezing  and  nine  months)  produced  reductions  in 
beef  flavor  intensity  (Table  53).    Obviously,  some  of  these  reductions  were 
due  to  the  increasing  presence  of  other  flavors  as  storage  time  progressed 
and  which  will  be  discussed  later. 


"O 

OJ 

oj  aj 

xi  -t-> 

1- 

o 

4 — 3  fT3 

13 

fO 

OJ 

4-J 

oo 

ro 

ro 

OO 

o 

rO 

cn 

Cn 

CT> 

cn 

i- 

i- 

O 

o 

O 

o 

£Z 

Qj 

• 

• 

• 

OJ 

CL 

LO 

+  1 

13  CO 

E 
0) 

cn 

+  1 

1 

+  1 

+  1 

Q 

4-J 

1 

oo 

■ — 

00 

oo 

CO 

•  -i 

0J 

• 

• 

• 

" 

UJ 

CD 

1 

i — 

•  u_ 

ro 

OO  o 

S_ 

^  p 

o 

+  'n, 

4-> 

CD 

aj 

OO 

"O 

c:  x: 

U_ 

aj 

-Q 

u 

T3  4_) 

0 

03 

OJ 

-Q 

QJ 

o 

oo 

oo 

oo 

O0 

•1—  00 

cn 

cn 

cn 

00 

4->  4-> 

o 

o 

O 

o 

o 

•  x: 

•<-  00 

4-J 

• 

• 

• 

• 

,   4-> 

C  T3 

LO  C 

••—  O 

00 

+ 

i 

+  1 

1 

+  1 

i 

+  1 

o  o 

S- 

S- 

•  E 

13 

LO 

cn 

\/ 

- — -  4— 

o 

co 

LO 

LO 

o 

q_  cn 

OO  QJ 

XI 

* 

• 

* — 

XI  <D 

1 

1 

4— 5 

4->  _a 

j_j  n3 

cr 

aj 

O  i_ 

-t-> 

QJ  oo 

E  O 

C\J 

i 

oo 

i-  4-> 

U— 

%- 

oo 

LO 

LD 

LO 

OJ  oo 

OJ 

• 

• 

• 

4 —  n3 

C  00 

Cn 

00 

•4—  O 

•i-  a> 

sz 

+ 1 

+  1 

+  1 

i 

+  1 

•i—  i_ 

c:  13 

T3 

1 

M 

Cn 

r-» 

C 

OJ 

LO 
• 

lo 

O 

aj  aj 

X  > 

aj 

• 

• 

i-  M 

S_ 

1 

"3  O 

u_ 

S- 

— ^  CO 

oO 

1 — 

OJ 

QJ 

aj 

TO 

o 

aj  i- 

* 

E  c 

TO 

u 

_Q 

4->  XI 

00 

•i—  O 

i_> 

_Q 

OJ 

rO 

4— > 

' 

4-> 

oo 

OO 

OO 

OO 

aj  co 

oo 

cn 

Cn 

CT) 

CTl 

cn 

1 — 

>"> 

<D  C 

O 

o 

O 

o 

1 

CD  -r- 

• 

• 

* 

4-J  C 

ro 

n3  Nl 

CT  »#— 

CI 

i.  OJ 

oo 

+  1 

1 

+  1 

4-  1 

+  1 

OJ 

13 

O  OJ 

i-  Ll_ 

4-J 

LO 

1 

CO 

oo 

OJ  o 

00  Lj  

o 

1 

<4-  O 

ro 

• 

• 

• 

• 

4— 

(_> 

4—  4— 

1 

1 

■>— 

O  O 

"O  o 

4—5 

4- 

00 

4->  OJ 

XI 

1 

U  -i_> 

aj  u_ 

4— >  00 

4-> 

OJ 

cno 

T3 

**—  s_ 

rO 

^  n3 

4 — ' 

4— 

L_  o 

E 

00 

OJ  TO 

O  OJ 

00  •( — 

-t->  S- 

C  CI 

CI 

O  T3 

O 

-M 

o 

o 

o 



CD 

00 

■ —  <a 

•1~  J_) 

"a 

4_> 

rO  s_ 

1 

i 

I-  CI 

OJ 

o 

•r-  QJ 

n3  OJ 

■a 

<T3 

-M  CL 

Cl  S- 

13 

i_ 

—  E 

E  CU 

aj 

C  OJ 

O  4- 

O 

4-> 

1—1  4-> 

U  4- 

CI 

c 

*— < 

c  -o 

4-> 

OJ  L|— 

o 

00 

E  O 

LO 

x: 
c:  4-> 

>~>  OJ 

00 

o  c 

C  00 

r0 

•i-  o 

d  15 

5 

OJ 

E 

lo 

cn 

-C 

Z3  " 

OJ 

"3 

i—  aj 

"O 

I— 

"3  E 

o 

>  •<- 

jD 

LU  -l-> 

74 


Table   47.     Interaction  effect  of  initial  storage  temperature  and  rate  of  freezing  on 
TBA  values  for  beef  roasts  following  nine  months  of  storage 


 Freezing  rate,  hours  to  0°F  

Initial  storage 

temperature,  °F-  24  48  72  96 

-10  0.78  +  .18b  1.67  +  .18a  0. 67+. 18b  1.13+  .18ab 

0  1.43  +  .18ab         1.04  +  .  18ab  1.09  +  .18ab        0.81  +  .  18ab 


ab    Any  mean  comparisons  with  the  same  letters  are  not  different  (P>.05);  Mean  +_  S.E. 
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Table    49.    Effect  of  initial 
storage  temperature  on  TBA  values 
for  beef  roasts  following  twelve 
months  of  storage 


Initial  storage  temperature,  °F 

-10  0 

1.47  +  .089b  1.85  +  .089a 


ab    Difference  between  means 
significant  (P<.05);  Mean+_S.E.; 
20°F  final  storage  temperature  on 


Table    50.    Effect  of  temperature 
abuse  on  TBA  values  for  beef  roasts 
following  twelve  months  of  storage 


Temperature  abuse 


1.89  +  .089a  1.44  +  .089b 


ab    Difference  between  means 
significant  ( P<  .05 ) ;  Mean  +_  S 
T  =  Temperature  abused; 
N  =  Not  temperature  abused. 
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Table    51.    Effect  of  freezing  rate  at  various  storage  times  on 
TBA  values  for  beef  roasts 


 Freezing  rate,  hours  to  0"F  

Evaluation  time  24  48  72  96 

Immediately  following 

freezing,  1  day  1.02  +  .16b  --  1.70  +  .16a       1.17  +  .16ab 

12  monthsc  1.80  +  .12         1.82  +  .12         1.32  +  .12         1.70  +  .12 


ab    Means  on  the  same  line  with  the  same  letters  are  not  different  (P>.05); 

Mean  +  S.E.  No  data  obtained  for  0°F  in  48  h  frozen  beef  roasts  just  following 
f reezTng . 

differences  due  to  freezing  rate  significant  (P<.05)  by  analysis  of  variance,  but 
not  by  HSD. 
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Table    53.    Effect  of  various  storage  time  comparisons  on 
sensory  scores  for  roast  beef  flavor  intensity 
in  beef  roasts 


Eval uat  i  on 

t  ime 

Immediately  following 
freezing,  1  day 

9  months 

4.77  +  .19a 

4.03  +  .19b 

6  months 

9  months 

'i. do  t  .  u  / 1  a 

H.Uj    +  .U/ID 

1 m n  1 1  tr u  1  q c c  i  v    i  u  i  i  iiiy 

freezing,  1  day 

12  monthsc 

4.77  +  .19a 

4.2    +  .19b 

Immediately  following 
freezing,  1  day 

12  rnonthsd 

4.77  +  .15a 

4.05  +  .15b 

ab    Differences  between  means  on  the  same  line  are 

significant  (P<.05).    Mean  +  S.E. 
cIncludes  only  temperature  abused  product. 
^Includes  only  +20°F  stored  product. 
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Compared  to  roast  beef  flavor  intensity  rated  right  after  freezing, 
that  evaluated  at  nine  months  was  found  to  be  lower  for:    1)  CTF  final 
stored  product,  regardless  of  initial  temperature  and,  2)  +20" F  final 
temperature  product  initially  stored  at  -10T  (Table  54). 

Significant  (P<.05)  freezing  rate  effects  were  found  for  roast  beef 
flavor  at  twelve  months  by  analysis  of  variance,  but  not  by  HSD  (Table  55). 
Roasts  subjected  to  temperature  abuse,  initially  stored  at  CTF  and 
evaluated  at  twelve  months  were  found  to  have  less  roast  beef  flavor 
intensity  than  similar  roasts  that  were  nonabused  (Table  56).  Temperature 
abuse  exerted  no  effects  on  roast  flavor  for  roasts  stored  initially  at 
-10"F. 

Comparisons  of  roast  beef  flavor  intensity  just  after  freezing  with 
those  noted  for  various  initial-final  temperature  combinations  at  twelve 
months  are  shown  in  Table  57.    Only  the  roasts  initally  stored  at  -10"F  and 
finally  at  +20T  were  shown  to  have  less  beef  flavor  intensity  than  roasts 
cooked  right  after  freezing.    In  an  evaluation  of  an  interaction  (storage 
time,  initial  storage  temperature,  temperature  abuse  and  freezing  rate)  at 
twelve  months,  most  of  the  major  effects  seemed  to  center  on  temperature  vs 
nontemperature  abuse  (Table  58).    Nontemperature  abused  roasts  frozen  to 
CTF  in  96  hr,  evaluated  at  twelve  months  and  initally  stored  at  -10°F  were 
rated  as  having  more  intense  beef  flavor  than  temperature  abused  roasts 
from  the  same  condition.    In  the  case  of  roasts  frozen  to  0°F  in  24  hr, 
initially  stored  at  CTF  and  evaluated  at  twelve  months,  temperature  abuse 
produced  more  intense  roast  beef  flavor  than  no  temperature  abuse. 

Panelists  found  less  incidence  of  metallic,  but  more  evidence  of 
rancid  flavors  in  roasts  evaluated  at  nine  months  and  stored  at  +2CTF 
compared  to  the  other  two  storage  temperatures  (Table  59).    At  twelve 
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Table  55.    Effect  of  freezing  rate  on  roast  beef  flavor  intensity  scores 
in  beef  roasts  following  twelve  months  of  storage3 


Freezing  rate, 

hours  to 

0°F 

24 

48 

72 

96 

3.83  +  .18 

4.02  +  .18 

3.80  + 

.18 

4.53  +  .18 

differences  due  to  freezing  rate  significant  (P<.05)  by  Analysis  of 
Variance,  but  not  by  HSD  test.    Mean  +  S.E. 


Table    56.    Interaction  effect  of  temperature 
abuse  and  initial  storage  temperature  on  sensory 
scores  for  roast  beef  flavor  intensity  in  beef 
roasts  following  twelve  months  storage 


Initial  storage  temperature,  0°F 

Temperature 
abuse 

-10 

0 

T 

3.86  +  ,18ab 

4.55  +  ,18a 

N 

4.01  +  .18ab 

3.77  +  .18b 

ab    Any  mean  comparison  with  the  same  letters 
are  not  different  (P>.05);  Mean  +_  S.E. 
T  =  temperature  abused;  N  =  not  temperature 
abused. 
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Table   59.    Detectable  flavor  scores  assigned  to 
beef  roasts  according  to  final  storage  temperature 
following  nine  months  storage3 


Final  storage  temperature,  "F 

Detectable 

Flavors  -10  0  20 


Sour 

33 

.33 

34 

.71 

30 

.0 

Bitter 

12 

.28 

12 

.40 

16 

.43 

Metallic 

32 

.46 

27 

.27 

19 

.29 

Rancid 

10 

.53 

12 

.4 

25 

.0 

Salty 

0 

.00 

1 

.65 

.71 

Other 

11 

.40 

11 

.57 

8 

.57 

Chi-square  =  18.44,  P<.048 

aValues  are  percentages  of  scores  assigned 
within  a  final  storage  temperature. 
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months,  panelists  again  found  roasts  stored  at  +20°F  to  have  a  higher 
frequency  of  rancid  flavor,  but  also  more  bitter,  less  sour  and  less 
"other"  flavors  than  roasts  held  at  -10  and  0"F  (Table  60).    Off-odor  and 
TBA  values  did  not  provide  as  much  evidence  of  rancidity  for  the  +20UF 
temperature. 

As  storage  time  progressed,  the  incidence  of  rancid  flavor  increased 
although  certainly  not  in  a  linear  fashion  for  all  particular  freezing 
rate-final  storage  temperature  combinations.    Rancid  flavor  increases 
accelerated  at  a  more  rapid  rate  for  +20 "F  stored  roasts  (Table  61).  Sour 
flavor  became  less  as  storage  time  increased  especially  for  roasts  held  at 
+20"F  (Table  62).    Thus,  it  would  appear  that  rancid  flavor  replaces  sour 
flavor  as  storage  time  proceeds. 

Linear  means  for  juiciness  according  to  the  overall  project  design  are 
provided  in  Table  63.    There  were  some  indications  of  a  slight  reduction  in 
juiciness  with  advancements  in  storage  time  and  the  use  of  +20T  storage. 
The  process  of  freezing  itself  reduced  juiciness  scores  (Table  64).  Also, 
scores  assigned  following  twelve  months  storage  were  lower  than  those 
assigned  immedi ately  fol lowing  freezing. 

After  twelve  months  storage,  nonabused  product  displayed  lower 
juiciness  scores  than  temperature  abused  product,  but  only  for  roasts 
frozen  to  0UF  in  24  hr  (Table  65).    Within  nonabused  product,  roasts  frozen 
to  OT  in  96  hr  were  rated  as  more  juicy  than  those  frozen  to  either  0"F  in 
24  or  72  hr.    In  a  significant  (P<.05)  interaction  of  storage  time 
(immediately  following  freezing,  twelve  months)  initial  storage 
temperature,  temperature  abuse  and  freezing  rate  (Table  66).    The  major 
factor  causing  the  interaction  was  the  higher  scores  for  juiciness  given 
temperature  abused  samples  frozen  to  0"F  in  24  hr,  initially  stored  at 


Table    60.    Detectable  flavor  scores  assigned  to 
beef  roasts  according  to  final  storage  temperature 
following  twelve  months  storage3 


Final  storage  temperature,  "F 

Detectable 

Flavors  -10  0  20 


Sour 

30 

.0 

33 

.09 

24 

.62 

Bitter 

10 

.67 

10 

.79 

16 

.11 

Metallic 

24 

.67 

25 

.18 

23 

.40 

Sweet 

1 

.33 

2 

.16 

1 

.22 

Rancid 

10 

.0 

12 

.23 

21 

.28 

Putrid 

0 

.0 

.72 

.61 

Salty 

2 

.0 

1 

.44 

2 

.74 

Other 

21 

.33 

14 

.39 

10 

.03 

Chi-square  =  28.22,  P<.013 

aValues  are  percentages  of  scores  assigned 
within  a  final  storage  temperature. 
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Table    64.    Effect  of  various  storage  time  comparisons  on 
sensory  scores  for  juiciness  in  roast  beef 


Evaluation  time 


Before  freezing 


Immediately  following 
freezing,  1  day 


5.19  +  .12a 


4.79  +  .12b 


Immediately  following 
freezing,  1  day 


12  months 


4.79  +  .08a 


4.38  +  .08b 


ab    Means  on  the  same  line  with  different  letters  are 
different  (P<.05).    Mean  +  S.E. 
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96 

-10T  and  stored  for  twelve  months  compared  to  their  nonabused  counterpart 
under  these  conditions.    Other  comparisons  between  abused  and  nonabused 
roasts  for  juiciness  in  this  interaction  were  nonsignificant  (P>.05). 

For  tenderness,  the  general  overall  means  are  displayed  in  Table  67. 
Storage  at  +20T  seemed  to  reduce  the  values.    Increasing  storage 
(immediately  following  storage  against  both  nine  and  twelve  months) 
resulted  in  lower  sensory  panel  tenderness  scores  (Table  68).  However, 
roasts  stored  for  twelve  months  were  scored  as  more  tender  than  those  held 
unt i 1  ni ne  months . 

The  slowest  freezing  rate  (CTF  in  96  hr)  produced  the  least  tender 
roasts  following  six  months  storage  (Table  69).    In  an  interaction  of 
freezing  rate  and  storage  time  (Table  70),  the  0°F  in  96  hr  freezing  rate 
produced  less  tender  samples  than  0"F  in  24  at  six  months,  but  within  0UF 
in  24  hr,  samples  from  nine-month-stored  roasts  were  less  tender  than  those 
stored  six  months.    Freezing  rate  did  not  affect  tenderness  scores  within 
nine-month-stored  roasts. 

A  comparison  of  tenderness  values  obtained  just  after  freezing  vs 
those  found  in  various  samples  from  combinations  of  initial  and  final 
temperature  at  nine  months  are  shown  in  Table  71.    Only  the  roasts  stored 
initially  at  OT  and  finally  at  +20"F  underwent  a  tenderness  reduction 
compared  to  that  noted  just  after  freezing.    At  twelve  months,  nonabused 
roasts  initially  stored  at  -10T  were  lower  in  tenderness  than  roast 
samples  evaluated  just  after  freezing  (Table  72). 

General  linear  means  and  standard  deviations  for  connective  tissue 
amount  are  presented  in  Table  73.     It  would  not  be  expected  that  connective 
tissue  amount  would  be  greatly  affected  by  the  factors  evaluated  in  this 
study.    Scores  for  connective  tissue  revealed  slightly  less  at  nine  months 
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Table   68.    Effect  of  various  storage  time  comparisons  on 
sensory  scores  for  tenderness  in  beef  roasts 


Storage  Time 

Compari  son 

Immediately  following 
freezing,  1  day 

9  months 

6.19  +  .17a 

6.44  +  .17b 

Immediately  following 

f  rpp7i  nn  1 

1 ?  mnnf h ^ C 

1  C     I'tU  1  1  L  1  1  j 

6.19  +  .19a 

5.72  +  .19b 

Immediately  following 
freezing,  1  day 

1 Z  months^ 

6.30  +  ,17a 

6.43  +  .17b 

9  months 

12  months 

6.44  +  .084b 

5.72  +  ,084a 

ab    Difference  between  means  on  the  same  line  is 

significant  (P<.05).    Mean  _+  S.E. 
cIncludes  only  temperature  abused  product. 
^Includes  only  +20°F  final  storage  temperature  product. 
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Table    69.    Effect  of  freezing  rate  on  sensory  scores  for  tenderness  in 
beef  roasts  following  six  months  storage 


Freezing  rate, 

hours  to  0°F 

24 

48 

72 

96 

6.28  +  .2a 

5.88  +  .2a 

5.90  +  .2a 

5.05  +  .2b 

ab    Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 
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compared  to  that  found  right  after  freezing  (Table  74).    An  interaction  of 
storage  time,  initial  storage  temperature,  final  storage  temperature,  and 
freezing  rate  is  shown  in  Table  74,  but  the  differences  follow  no  logical 
trend.    The  same  can  be  said  of  the  interactions  depicted  in  Tables  75  and 
76. 

The  next  section  deals  with  results  obtained  from  Instron  measurements 
taken  on  roast  samples.    Results  pertaining  to  samples  evaluated  as  cores 
are  given  first  followed  by  results  on  roast  beef  slices.    Table  77 
provides  overall  means  and  standard  deviations  for  Instron  peak  load  values 
in  kg  according  to  storage  time,  final  storage  temperature  and  freezing 
rate.    Not  too  many  trends  can  be  noted,  except  for  the  higher  values  for 
roasts  frozen  to  CTF  in  72  hr.    Actually,  roasts  for  both  the  0UF  in  72  and 
96  hr  freezing  rates  produced  higher  peak  load  values  before  freezing  than 
roasts  used  for  the  CTF  in  48  hr  (Table  78).    After  9  months,  roasts 
originally  frozen  to  CTF  in  72  hr  had  higher  values  than  the  other  three 
rates  (Table  79) . 

With  the  exception  of  roasts  frozen  to  CTF  in  96  hr,  initial  storage 
at  CTF  produced  higher  peak  load  values  than  initial  storage  at  -10T 
(Table  80).    Advances  in  storage  time  (six,  nine  months)  produced  a 
toughening  in  roast  cores,  as  measured  by  peak  load,  as  compared  to 
immediately  following  freezing  (Table  81).    Following  six  months  of 
storage,  peak  load  values  of  cores  from  roasts  initially  stored  at  -10"F 
did  not  differ  from  values  obtained  immediately  following  freezing  while 
values  for  roasts  stored  initially  at  CTF  were  higher  (Table  82).    This  was 
true  regardless  of  final  storage  temperature. 

After  nine  months  of  storage,  peak  load  values  for  roasts  frozen  to 
0"F  in  72  hr  and  placed  in  -  TO" F  final  storage  exceeded  values  for  all 
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able    77 •     General  table  Illustrating  Instron  peak,  load  values  for  roast  beef 
cores  throughout  storage  times  and  according  to  final  storage 
temperature  and  rate  of  freezing  -  no  statistical  analyses3 


valuation  Final  storage   Freezing  rate,  hours  to  0°F  

ime   temperature,  °F  24  48  72  96 


efore  freezing 

2.87 

+ 

.75 

2.57 

+ 

.64 

3.69 

+ 

.76 

3.66 

+ 

1.15 

mmediately  after 

3.01 

+ 

.73 

3.43 

+ 

.77 

3.31 

+ 

.92 

3.64 

+ 

.73 

reezing,  1  day 

6  months 

-10T 

3.29 

+ 

.53 

3.52 

+ 

.60 

4.01 

+ 

1.21 

3.44 

+ 

.  6o 

0T 

3.78 

+ 

.71 

3.44 

+ 

.68 

4.16 

+ 

1.34 

3.77 

+ 

1.17 

20T 

3.57 

+ 

.74 

3.50 

+ 

.91 

4.34 

+ 

1.41 

3.88 

+ 

.69 

9  months 

-10T 

3.29 

+ 

.72 

3.52 

+ 

1.20 

5.34 

+ 

.87 

3.14 

+ 

.71 

0T 

4  09 

.77 

•  it 

3.69 

+ 

.72 

4.66 

+ 

1.07 

3.57 

+ 

.98 

20T 

3.84 

+ 

.95 

3.16 

+ 

.59 

5.03 

+ 

1.03 

3.68 

+ 

.61 

2  months 

-10T 

3.37 

+ 

.45 

3.33 

+ 

.63 

3.29 

+ 

.62 

4.00 

+ 

.94 

0T 

3.46 

+ 

.62 

3.07 

+ 

.60 

3.28 

+ 

.83 

3.56 

+ 

.72 

20T 

3.43 

+ 

.91 

3.25 

+ 

.67 

4.06 

+ 

.66 

4.27 

+ 

.96 

20N 

5.77 

+ 

.99 

3.92 

+ 

.79 

3.64 

+ 

.87 

3.47 

+ 

.84 

Mean  +  S.D.     T  =  temperature  abused.     N  =  not  temperature  abused. 


Table  78  .     Interaction  effect  of  storage  time  (just  before  freezing, 
immediately  following  freezing)  and  rate  of  freezing  on 
Instron  peak  load  values  for  roast  beef  cores 
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Evaluation   Freezing  rate,  hours  to  0°F  

time  24  48  72  96 


Before  freezing 

2.87 

+  .21ab 

2.57 

+  .21b 

3.69  +  .21a 

3.66 

+ 

.21a 

Immediately  after 

3.01 

+  .21ab 

3.43 

+  ,21ab 

3.31  +  .21ab 

3.64 

+ 

.21a 

freezing,  1  day 

ab  Any  mean  comparisons  with  the  same  letters  are  not  different  (P>.05). 
Mean  +  S.E. 


I 


i 
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Table    79  .     Effect  of  freezing  rate  on  Instron  peakload  values  for  roast 
beef  cores  at  various  storage  times 


Evaluation   Freezing  rate,  hours  to  0°F   

time  24  48   72  96 

Immediately 

following  freezing,  2.87  +  .25ab  2.57  +  .25b  3.69  +  .25a  3.66  +  .25a 
1  day 

9  months  3.74  +  .22b           3.46  +  .22b         5.01  +  .22a  3.46  +  .22b 


ab  Means  on  the  same  line  with  different  letters  are  different  (P>.05). 
Mean  +  S.E. 


Table    80.     Interaction  effect  of  initial  storage  temperature  and  rate  of 
freezing  on  Instron  peak,  load  values  for  roast  beef  cores 
following  six  months  of  storage 


Initial  storage   Freezing  rate,  hours  to  0°F  

temperature,  °F  24  48  72  96 

-10  3.36  +  .20c         3.30  +  .20c         3.16  +  .20c         3.93  +  .20b 

0  3.74  +  .20b         3.67  +  .20b         5.19  +  .20a         3.47  +  .20bc 


abc  Any  mean  comparison  with  different  letters  is  different  (P<.05). 
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Table    81 .     Effect  of  various  storage  time  comparisons  on  Instron  peakload 
values  for  roast  beef  cores 


Evaluation  time 


Immediately  following  freezing,  1  day  6  months 

3.30  +  .13  3.73  +  .13 

Immediately  following  freezing,  1  day  9  months 

3.30  +  .12b  3.92  +  .12a 

ab  Differences  between  means  significant  (P<.05).    Mean  +  S.E. 
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final  temperature-freezing  rate  combinations  outside  0"F  in  72  hr  (Table 
83).    For  roasts  stored  at  +20°F,  peak  load  values  were  higher  for  the  0°F 
in  72  hr  rate  compared  to  the  other  three  rates,  while  within  0°F  final 
storage,  no  differences  (P>.05)  were  found  attributable  to  freezing  rate. 
The  major  factor  causing  the  significant  (P<.05)  interaction  of  storage 
time  (immediately  following  freezing,  nine  months),  initial  and  final 
storage  temperature  and  freezing  rate  appears  to  be  the  high  peak  load 
values  found  for  roasts  frozen  to  0"F  in  72  hr  and  initially  stored  at 
-10T  compared  especially  to  those  stored  initially  at  - 10" F ,  but  frozen  to 
CTF  in  either  48  or  72  hr  (Table  84).    Differences  resulting  in  an  inter- 
action of  storage  time  (six,  nine  months)  initial  storage  temperature  and 
freezing  rate  appear  again  to  be  the  higher  peak  loads  for  roasts  frozen  to 
0WF  in  72  hr,  except  for  six-month-stored  roasts  initially  held  at  -10°F 
and  the  increase  in  peak  load  between  six  and  nine  months  in  roasts 
initially  stored  at  0"F  only  for  those  frozen  to  0"F  in  48  hr  (Table  85). 

Peak  load  values  were  higher  at  twelve  months  for  cores  from  roasts 
initially  stored  at  CTF  and  finally  stored  at  +20VF  compared  to  roasts 
stored  initially  and  finally  at  0"F  (Table  86).    Also  at  twelve  months, 
temperature  abused  produced  a  reduction  in  peak  load  for  roasts  frozen  to 
CTF  in  24  hr,  but  the  opposite  effect  for  roasts  frozen  to  CTF  in  96  hr 
(Table  87).    Only  roasts  initially  stored  at  +20"F  increased  in  peak  load 
following  twelve  months  compared  to  that  found  immediately  after  freezing 
(Table  88).    An  interaction  of  storage  time  (immediately  following 
freezing,  twelve  months),  initial  storage  temperature,  temperature  abuse 
within  +20"F  final  temperature  and  freezing  rate  is  presented  in  Table  89. 
Compared  to  peak  load  values  noted  right  after  freezing,  those  found  for 
nonabused  roasts  frozen  to  0"F  in  24  hr  were  higher  regardless  of  initial 
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Table    83  .     Interaction  effect  of  final  storage  temperature  and  rate  of 
freezing  on  Instron  peak  loak  values  for  roast  beef  cores 
following  nine  months  storage 

Final  storage   Freezing  rate,  hours  to  0°F  

temperature,  °F  24  48  72  96  

-10  3.29  +  .22d  3.52  +  .22cd       5.34  +  .22a         3.14  +  .22d 

0  4.09  +  .22bcd       3.69  +  .22cd       4.66  +  .22abc      3.57  +  .22cd 

20  3.84  +  .22cd         3.16  +  .22d         5.03  +  .22ab       3.68  +  .22cd 


abed  Any  mean  comparisons  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 
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Table  85  .     Interaction  effect  of  storage  time  (six,  nine  months),  initial 
storage  temperature  and  rate  of  freezing  on  Instron  peak  load 
values  for  roast  beef  cores 


Initial   Freezing  rate,  hours  to  0°F 


Evaluation  storage 

time  temperature,  °F         24  48  72  96 


6 

-10 

3.36 

+ 

.18c 

3.30 

+ 

.18c 

3.16 

+ 

.18c 

3.93 

+ 

.18bc 

9 

-10 

3.69 

+ 

.18c 

3.11 

+ 

.18c 

5.24 

+ 

.18a 

3.27 

+ 

.18c 

6 

0 

3.74 

+ 

.18c 

3.67 

+ 

.18c 

5.19 

+ 

.18a 

3.47 

+ 

.18c 

9 

0 

3.79 

+ 

.18c 

3.81 

+ 

,18b 

4.78 

+ 

.18ab 

3.65 

+ 

.18c 

abc  Any  mean  comparisons  with  the  same  letters  are  not  different  (P>.05). 
Mean  +  S.E. 


Table     86.     Interaction  effect  of  final  storage  temperature 
and  initial  storage  temperature  on  Instron  peak 
load  values  for  roast  beef  cores  following 
twelve  months  storage 


Final  storage  Initial  storage  temperature,  °F 


temperature,  °F 

-10 

0 

-10 

3.37  + 

.15ab 

3.63 

+ 

.15ab 

0 

3.60  + 

.15ab 

3.09 

+ 

.15b 

20 

3.59  + 

.15ab 

3.92 

+ 

.15a 

ab  Any  mean  comparisons  with  the  same  letters  are  different 
(P<.05).    Mean  +  S.E. 
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Table  87  .  Interaction  effect  of  temperature  abuse  and  rate  of 
freezing  on  Instron  peak  load  values  for  roast  beef 
cores  following  twelve  months 


Temperature   Freezing  rate,  hours  to  0°F  

abuse  24  48  72  96  

T  3.43  +  ,32c         3.25  +  .32c         4.06  +  .32bc       4.27  +  .32ab 

N  5.77  +  .32a         3.92  +  .32bc        3.64  +  .32c         3.47  +  .32c 


abc  Any  mean  comparisons  with  different  letters  are  different  (P<.05). 
Mean  +  S.E.    T  =  temperature  abused.    N  ■  not  temperature  abused. 
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storage  temperature.    These  nonabused  roast  peak  load  values  were  generally 
higher  than  their  nonabused  counterparts  from  roasts  frozen  at  slower 
rates.    Peak  load  values  underwent  a  reduction  from  nine  to  twelve  months 
for  roasts  frozen  to  CTF  in  72  hr  (Table  90).    Such  was  not  the  case  for 
the  other  freezing  rates. 

General  means  and  standard  deviations  for  Newton  values  for  cores 
throughout  the  study  are  presented  in  Table  91.    Newton's  are  peak  loads 
expressed  as  N/cm^  and  thus  account  for  any  differences  in  core  size  that 
may  have  existed.    Again,  the  major  differences  are  the  increase,  for  some 
reason,  in  values  obtained  for  0°F  in  72  hr  roasts  following  nine  months 
storage.    After  six  months  of  storage,  Newton  values  increased  in  the 
roasts  frozen  to  0°F  in  72  hr  that  were  held  at  0°F  initially,  compared  to 
roasts  frozen  at  that  or  any  other  rate  and  stored  at  -10°F  initially 
(Table  92).    Also  at  six  months,  Newton  values  increased  for  all  treatment 
combinations  initially  stored  at  0°F  compared  to  those  immediately 
following  freezing  (Table  93).    Roasts  initially  stored  at  -10°F  did  not 
differ  in  Newton  values  compared  to  those  noted  right  after  freezing. 
These  exact  results  were  also  found  when  shear  force  was  expressed  as  kg. 

As  with  shear  force  values,  Newton  values  were  substantially  higher 
for  roasts  frozen  to  0°F  in  72  hr  compared  to  other  freezing  rates  when 
evaluations  occurred  after  nine  months  storage  (Table  94).    Newton  values 
were  higher  at  nine  and  twelve  months  of  storage  compared  to  those  obtained 
just  after  freezing  (Table  95).    An  interaction  of  storage  time,  initial 
storage  temperature,  final  storage  temperature  and  freezing  rate  is  given 
in  Table  96.    As  with  shear  force  values  (kg)  for  this  interaction  (Table 
84),  much  of  the  interaction  seems  to  concentrate  on  the  high  Newton  values 
found  for  roasts  frozen  to  0°F  in  72  hr  and  initially  stored  at  -10°F.  The 
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Table   90.     Interaction  effect  of  storage  time  (nine,  twelve  months) 

and  rate  of  freezing  on  Instron  peak  loak  values  for  roast 
beef  cores 


Evaluation   Freezing  rate,  hours  to  0°F  

time,  months  24  48    72  96 


9  3.74  +  .14bc       3.46  +  .14bc       5.01  +  .14a         3.46  +  .14bc 

12  3.42  +  .14bc       3.22  +  .14c         3.55  +  .14bc       3.94  +  .14b 


abc  Any  mean  comparisons  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 
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Table  92  .    Interaction  effect  of  initial  storage  temperature  and  rate  of  freezing  on 
Instron  Newton  values  for  roast  beef  cores  following  six  months  storage 


 Freezing  rate,  hours  to  0°F  

Initial  storage 

temperature,  "F  24  48  72  96 

-10  28.48+  1.62b       26.53+  1.62b       26.61+  1.62b       33.34+  1.62b 

0  30.24  +  1.62b       27.71  +  1.62b       42.82  +  1.62a       28.9    +  1.62b 


ab    Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05);  Mean  +  S.E. 
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Table    94.    Effect  of  freezing  rate  on  Instron  Newton  values 

for  roast  beef  cores  following  nine  months  storage 


Freezing  rate, 

hours  to  0°F 

24 

48 

72 

96 

31.12  +  1.63b 

29.58  +  1.63b 

42.79  +  1.63a 

28.8  +  1 .63b 

ab    Means  on  the  same  line  with  the  same  letters  are  not 
different  (P>.05);  Mean  +  S.E. 


Table   95  .    Effect  of  various  storage  time 
comparisons  on  Instron  Newton 
values  for  roast  beef  cores 


Evaluation  times 


Immed i ately  following 

freezing,  1  day  9  months 

28.44  +  1.53b  33.07  +  1.53a 


Immediately  following 

freezing,  1  dayc  12  monthsc 

28.82  +  1.30b  32.93  +  1.30a 


ab    Differences  between  means  on  the 

same  line  with  different  letters  are 
different  (P<.05);  Mean  +  S.E. 

cIncludes  only  +20°F  final  storage  at 
twelve  months. 
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interaction  of  initial  storage  temperature,  storage  time  and  freezing  rate 
given  in  Table  97  is  also  due  largely  to  the  high  Newton  values  found  for 
0°F  in  72  freezing  rate  at  nine  months  and  just  the  0°F  initially  stored 
product  at  six  months  for  this  freezing  rate. 

Temperature  abuse  in  twelve-month-stored  product  produced  higher 
Newton  values  for  0°F  in  24  hr  rates  only  compared  to  the  other  rates 
(Table  98).    At  twelve  months,  roasts  initially  stored  at  0°F  and  finally 
at  +20*F  produced  higher  Newton  values  than  roasts  stored  initially  and 
finally  at  0°F  (Table  99).    Various  combinations  of  initial  and  final 
storage  temperatures  did  not  produce  differences  in  Newton  values  compared 
to  those  detected  immediately  following  freezing  (Table  100).  Generally, 
most  combinations  of  initial  storage  temperature,  freezing  rate  and 
temperature  abuse  after  twelve  months  of  storage  did  not  alter  Newton 
values  compared  to  those  originally  found  right  after  freezing  (Table  101). 
In  comparing  nine  vs  twelve  months  storage  times  in  conjunction  with 
freezing  rates,  the  only  increase  in  Newton  values  at  twelve  months  over 
nine  months  occurred  for  0°F  in  72  hr  product  (Table  102).    This  was 
similar  to  the  differences  noted  for  peak  load  (Table  90).    Twelve  months 
vs  nine  months  storage  produced  a  decrease  in  Newton  values  for  roasts 
stored  at  0°F,  but  not  the  other  two  temperatures  (Table  103). 

General  values  for  roast  beef  core  Instron  modulus  values  are  given  in 
Table  104.    As  with  other  Instron  values,  roasts  frozen  to  0°F  in  72  hr  and 
stored  either  six  or  nine  months  were  the  most  different  from  the  other 
treatment  combinations.    Higher  modulus  values  reflect  greater  stress  or 
load  in  relation  to  peak  elongation  or  strain.    It  would  appear  (Table  105) 
that  freezing  produced  an  increase  in  modulus  values  for  roasts  frozen  to 
0°F  in  48  hr  and  96  hr  and  a  decrease  in  values  for  roasts  frozen  to  0°F  in 
72  hr. 
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Table   98.    Interaction  effect  of  temperature  abuse  and  rate  of  freezing  on  Instron 
Newton  values  for  roast  beef  cores  following  twelve  months  storage 


 Freezing  rate,  hours  to  0"F  

Temperature  abuse  24  48  72  96  

T  28.24+  2.62b        28.3    +  2.62b       33.13+  2.62b        34.8  +2.62ab 

N  47.7    +  2.62a        31.63  +  2.62b       31.28  +  2.62b        28.43  +  2.62b 


ab    Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05);  Mean  +_  S.E. 


Table   99.    Interaction  effect  of  final  storage 
temperature  and  initial  storage  temperature  on 
Instron  Newton  values  for  roast  beef  cores 
following  twelve  months  storage 


Initial  storage  temperature,  0"F 

Final  storage 

temperature,  "F  -10  0  
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1 

.llab 
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+ 
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.lib 

20 

29.8 

+ 

1.1  lab 

32.43 

+ 

1 

.11a 

ab    Any  mean  comparisons  with  the  same  letters 
are  not  different  (P>.05);  Mean  +  S.E. 
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Table  102.    Interaction  effect  of  storage  time  (nine,  twelve  months)  and  rate  of 
freezing  on  Instron  Newton  values  for  roast  beef  cores 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  24  48  7  2  96 


9  31.12+  1.07b       29.58+  1.07b        42.79+  1.07a       28.8    +  1.07b 

12  28.52  +  1.07b       27.86  +  1.07b        28.44  +  1.07b       32.42  +  1.07b 


ab    Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05);  Mean  +  S.E.; 


137 


Table  103.    Interaction  effect  of  storage  time  (nine,  twelve  months) 
and  final  storage  temperature  on  Instron  Newton  values 
for  roast  beef  cores 


Final 

storage 

temperature, 

°F 

Eval uation 
time,  months 
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20 
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32 
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+  .92ab 
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+  .92bc 

27.77 

+  .92c 

31 

.12 

+  .92abc 

ab    Any  mean  comparison  with  different  letters  is  different  (P<.05); 
Mean  +  S.E. 
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Following  six  months  storage,  0°F  initial  storage  produced  a  sizable 
reduction  in  modulus  values  compared  to  -10°F  for  roasts  frozen  to  0°F  in 
72  hr  (Table  106).    This  reduced  modulus  for  0°F  initial  stored  temperature 
product  related  to  the  high  peak  load  values;  which  means  that  cores  from 
these  roasts  had  immediate  and  high  stress  when  subjected  to  shearing. 

At  nine  months  of  storage,  roasts  frozen  to  0°F  in  24  and  96  hr  had 
predominately  higher  Instron  modulus  values  compared  especially  to  0°F  in 
72  hr  frozen  product  at  all  initial  and  final  storage  temperatures  and  0°F 
in  48  hr  roasts  initially  stored  at  0°F  and  finally  stored  at  -10  and  0°F 
(Table  107).    In  a  comparison  of  modulus  values  at  six  and  nine  months 
(Table  108),  the  interaction  largely  was  due  to  the  lower  values  obtained 
for:    (1)  0°F  in  48  hr  frozen  product,  stored  nine  months,  initially  stored 
at  0°F  and  finally  stored  at  -10  and  0°F,  (2)  0°F  in  72  hr  frozen  product 
stored  six  months,  initially  stored  at  0°F  and  stored  at  all  three  final 
temperatures,  and  (3)  all  initial  and  final  storage  temperatures  of  0°F  in 
72  hr  frozen  product  storage  nine  months.    The  interaction  of  storage  time 
(nine,  twelve  months)  initial  and  final  storage  temperature  and  freezing 
rate  concentrated  on  the  lower  modulus  values  for  0°F  72  hr  product  at  nine 
months  and  the  lower  values  at  twelve  months  for  all  rates  for  0°F  initial 
and  final  storage  temperatures  (Table  109).    At  twelve  months,  the  absence 
of  temperature  abuse  produced  a  reduction  in  modulus  values  only  for  the 
0°F  in  24  hr  rate  and  not  the  other  three  rates  (Table  110).    Also  at  this 
storage  time,  roasts  initially  and  finally  held  at  0°F  displayed  lower 
modulus  values  than  roasts  held  at  the  same  initial  temperature,  but  at 
-10  and  +20°F  final  temperatures  (Table  111).    These  differences  were  not 
apparent  for  product  initially  stored  at  -10°F. 
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Table  110.     Interaction  effect  of  temperature  abuse  and  rate  of  freezing  on  Instron 
modulus  values  for  roast  beef  cores  following  twelve  months  storage 


Freezing  rate 

,  hours  to  0°F 

Temperature 
abuse 

24 

48 

72 

96 

T 

129.34  + 

9.15a 

126.25  +  9.15a 

139.59  +  9.15a 

145.44  + 

9.15a 

N 

73.75  + 

9.15b 

130.36  +  9.15a 

164.25  +  9.15a 

125.66  + 

9.15a 

ab  Any  mean  comparisons  with  the  same  letter  are  not  different  (P>.05). 
Mean  +  S.E.     Includes  just  +20°F  product. 


1087Q,  p.  3 
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Table  111.     Interaction  effect  of  final  storage  temperature  and  initial  storage 
temperature  on  Instron  modulus  values  for  roast  beef  cores 
following  twelve  months  storage 


Initial  storage 

temperature,  °F 

Final  storage 
temperature,  °F 

-10 

0 

-10 

121.98  + 

3.59bc 

129.39 

+ 

3.59ab 

0 

126.76  + 

3.59abc 

112.28 

+ 

3.59c 

20 

129.90  + 

3.59ab 

140.41 

+ 

3.59a 

abc  Any  mean  comparisons  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 


1087Q,  p.  4 
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-General  means  and  standard  deviations  for  Instron  fail  energy  values 
for  roast  beef  cores  are  given  in  Table  112.    Fail  energy  refers  to  the 
energy  values  (area  under  the  curve)  at  80%  of  peak  load.    Results  and 
trends  are  somewhat  variable,  but  it  does  appear  that  the  fail  energy 
values  overall  become  larger  with  prolonged  storage  and  as  with  other 
Instron  measurements  are  largest  for  the  0°F  in  72  hr  freezing  rate. 

The  effects  of  freezing  rate  at  various  storage  times  on  fail  energy 
values  for  roast  beef  cores  are  presented  in  Table  113.    Both  before  and 
immediately  following  freezing,  the  slower  ((0°F  in  72,  96  hr)  freezing 
rates  produced  the  larger  fail  energy  values.    However,  at  nine  months, 
only  the  0°F  in  72  hr  rate  produced  larger  values  and  at  twelve  months  only 
the  0°F  in  96  hr  rate  generated  larger  values.    Deleting  the  differences  in 
fail  energy  values  for  cores  before  freezing  resulted  in  values  for  the  0°F 
in  48  hr  rate  to  now  not  to  be  different  from  the  0°F  in  96  hr  rate 
immediately  following  freezing  (Table  114).    After  six  months  of  storage, 
0°F  initial  storage  produced  higher  fail  energy  values  than  -10°F  for 
roasts  frozen  to  0°F  in  72  hr  (Table  115).    No  such  differences  were 
detected  for  the  other  three  rates.    Removing  the  freezing  rate  differences 
before  freezing,  now  resulted  in  the  0°F  in  48  hr  rate  having  higher  fail 
energy  values  than  the  CTF  in  72  hr  rate  when  roasts  were  initially  stored 
at  -10°F  (Table  116) . 

Six,  nine  and  twelve  months  storage  all  produced  higher  fail  energy 
values  than  initially  right  after  freezing  (Table  117).    After  six  months 
storage,  fail  energy  values  for  roasts  frozen  to  0°F  in  72  hr  and  initially 
stored  at  CTF  were  higher  than  those  obtained  from  any  other  rate,  initial 
and  final  storage  temperature  combinations  (Table  118).    Adjusting  the  data 
for  differences  pre-freezing  did  not  greatly  alter  differences  between 


148 


CO 

cu 

>H 

U 

o 

o 

o 

te 

<4-< 

CO 

<L) 

H 

CD 

,0 

nd 

4-1 

CO 

CO 

eg 

a) 

o 

u 

tu 

CO 

o 

K 

pe 

CO 

B 

d) 

0) 

Z3 

4-1 

r— | 

<D 

> 

OO 
cO 

u 

00 

o 

4-> 

<u 

CO 

c 

CD 

al 

iH 

c 

•H 

•H 

CO 

CM 

<4-< 

o 

CO 

C 

4-1 

to 

o 

cu 

w 

OO 

co 

4-) 

c 

CO 

•H 

iH 

C 

T3 

cd 

H 

M 

0 

O 

cd 

oo 

O 

c 

CJ 

iH 

•H 

CO 

cd 

4-1 

o 

cd 

Tj 

■H 

u 

C 

4-1 

4-J 

co 

CO 

to 

tH 

3 

<u 

4-1 

rH 

00 

cd 

tH 

CO 

4-1 

•H 

H 

CO 

O 

CL) 

4-1 

o 

i — 1 

CO 

a 

rO 

cd 
4-1 

ut 

i 

o 

00 

rH 

re 

c 

(0 

00  tH 

(-1 

3 

N 

CU 

O 

cu 

C 

H 

QJ 

U 

to 

VO 

m 

vO 

CM 

CO 

00 

o> 

rH 

CT> 

rs 

O 

o 

vO 

CO 

o 

00 

CO 

OO 

o> 

rH 

r- 1 

rH 

1— 1 

rH 

+  1 

+  1 

+  1 

+  1 

+  1 

+  1 

+  1 

+  1 

+  1 

+  1 

+  1 

+ 

sr 

vD 

o 

r— ( 

CM 

vO 

CM 

o 

<r 

CM 

CM 

CO 

00 

cr> 

vO 

CO 

LO 

CM 

rH 

rH 

CO 

CO 

CO 

CO 

CO 

CO 

«^ 

iO 

-3" 

fx, 

H 

CO 

liO 

CO 

UO 

o 

<H 

CM 

vO 

m 

CO 

CO 

rH 

CO 

vO 

00 

CO 

I — 

o> 

vO 

o 

• 

• 

O 

H 

H 

H 

rH 

O 

CN 

+  1 

+  1 

+  | 

+  1 

-f-  | 

+  1 

+ 1 

+  1 

+  1 

+  | 

+  | 

-f 

4-1 

rH 

CM 

CO 

CM 

o 

o 

rH 

vO 

vO 

CO 

m 

sr 

CO 

vO 

vO 

vO 

CM 

vO 

vO 

m 

CM 

vO 

u 

D 

CO 

co 

sr 

sr 

m 

to 

iO 

CO 

CO 

<r 

CO 

o 

0) 
4-1 

CO 

m 

i— i 

rH 

vO 

m 

vO 

rH 

CM 

1-4 

00 

CO 

CO 

o 

vO 

00 

CO 

rH 

vo 

oc 

rH 

rH 

H 

c 

+  1 

+  1 

•H 

co 

+  1 

+  1 

+  1 

+  1 

+  1 

+  1 

+  1 

+  1 

+  1 

+ 

N 

•<r 

CU 

sr 

CX> 

r-» 

rH 

CM 

ON 

ON 

co 

CM 

rH 

01 

vO 

i— 1 

m 

00 

o 

o 

o 

co 

o 

CO 

t-l 

CM 

CO 

co 

<r 

CO 

•<r 

CO 

co 

EH 
o 

CU 

00  - 
CO  CU 
M  U 
O  3 
4->  4-> 
CO  CO 

u 

iH  QJ 
cO  O. 
C  B 
•H  0) 
Ci<  4-1 


c 

O 
■H 
4-1 

CO 
3 

rH  CO 
CO  B 

^  I) 


O 


00 
VO 


vO 


CO 


rs 

vO 


CM 
CO 


sr 

CTv 


+  1 

+  1 

+  1 

+  1 

+ 

CO 

o 

o 

ST 

o 

OO 

o 

0O 

CO 

CM 

CO 

CO 

CO 

CO 

CO 

m 

rH 

co 

co 

<!■ 

H 
O 


H 
O 


H 
o 

CM 


H 
O 


H 
O 


H 
o 

CM 


u 

CU 

00 

4-1  >, 

c 

M-i  CO 

■H 

CO  T3 

N 

CU 

rH 

CU 

rH 

l-i 

cu  - 

<4-l 

4-1  0C 

CO 

CO 

CO  C 

rC 

cu 

■H  -H 

4-1 

4-1 

U 

TJ  N 

C 

c 

O 

CU  CU 

o 

o 

V4H 

a  cu 

a 

a 

Be 

r^  CM 

vO 

o> 

vO 

co 


vO 


co 


+  1 

+  1 

+  1 

+ 

rH 

ST 

CO 

vO 

rH 

CO 

CO 

•<r 

CO 

uo 

CD 


H  H  2: 
o      o  o 

CM  CM 


CO 

rC 

4-1 

a 
o 
a 


149 


Table  113.     Effect  of  freezing  rate  at  various  storage  times  on  Instron  fail 
energy  values  for  roast  beef  cores 


Evaluation   Freezing  rate,  hours  0°F  

ttme_  24   48  72  96 


Before  freezing 

2.83 

+ 

.25ab 

2.64 

+ 

.25b 

3.51 

+ 

.25ab 

3. 

94 

+ 

.25a 

Immediately 

following  freezing 

3.00 

+ 

.17b 

3.19 

+ 

.17b 

3.42 

+ 

,17ab 

3. 

86 

+ 

•  17a 

9  months 

4.09 

+ 

.25b 

3.84 

+ 

,25b 

5.48 

+ 

.25a 

3. 

86 

+ 

.25b 

12  months 

3.83 

+ 

.20b 

3.83 

+ 

.20b 

3.82 

+ 

.20b 

4. 

60 

+ 

.20a 

ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05).     Mean  +  S.E. 
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Table  114.  Effect  of  freezing  rate  on  Instron  fail  energy  values  for  beef 
roast  cores  immediately  following  freezing  -  data  adjusted  for 
differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F  

24  48  72  96 


3.05  +  .16b      3.25  +  .16ab      3.39  +  .16ab      3.79  +  .16a 


ab  Means  on  the  same  line  with  the  same  letters  are  not  different  (P>.05). 
Mean  +  S.E. 


1048Q,  p.  1 
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Table  115.     Interaction  effect  of  initial  storage  temperature  and  rate 
of  freezing  on  Instron  fail  energy  values  for  roast  beef 
cores  following  six  months  storage 


Initial  storage   Freezing  rate,  hours  to  0°F  

temperature,  °F  24  48  72  96 

-10  3.70  +  .21b         4.15  +  .21b         3.37  +  .21b       3.75  +  .21b 

0  3.98  +  .21b         4.17  +  .21b         5.67  +  .21a       4.01  +  .21b 


ab  Any  mean  comparisons  with  the  same  letter  are  not  different  (P>.05). 
Mean  +  S.E. 


■i 


152 


Table  116.     Interaction  effect  of  initial  storage  temperature  and  rate  of 
freezing  on  Instron  fail  energy  values  for  roast  beef  cores 
following  six  months  storage  -  data  adjusted  for  differences  prior 
to  freezing 


 Freezing  rate,  hours  to  0°F  

Initial  storage 

temperature,  °F  24  48  72  96 


-10  3.82  +  .21bc        4.31  +  .21b        3.17  +  .21c        3.56  +  .21 be 

0  4.03  +  .21bc       4.40  +  .21ab      5.60  +  .21a       3.74  +  .21 be 


abc  Any  mean  comparison  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 


1048Q,  p.  2 


Table  117.     Effect  of  various  storage  time  comparisons  on 

Instron  fail  energy  values  for  roast  beef  cores 


Evaluation  time 


Immediately  following  freezing,  1  day  6  months 

3.32  +  .14b  4.10  +  .14a 

Immediately  following  freezing,  1  day  9  months 

3.32  +  .16b  4.32  +  .16a 

Immediately  following  freezing,  1  day  12  months 

3.32  +  .14b  4.02  +  .14a 

ab  Differences  between  means  significant  (P<.05).     Mean  +  S.E. 
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treatments  (Table  119).    At  nine  months,  the  significant  (P<.05) 
interaction  appears  to  be  due  largely  to  0°F  in  72  hr  freezing  rate  product 
being  different  from  various  other  freezing  rate,  initial  and  final  storage 
temperature  combinations  (Table  120).    Additional  differences  in  fail 
energy  values  were  detected  in  the  comparison  of  just  after  freezing  with 
nine  months  when  values  were  adjusted  for  differences  before  freezing 
(Table  121).    A  significant  (P<.05)  interaction  of  storage  time  (six,  nine 
months)  initial  storage  temperature,  final  storage  temperature  and  freezing 
rate  for  fail  energy  values  (Table  122)  appear  to  be  due  mainly  to  rather 
minor  and  inconsequential  differences. 

Temperature  abuse  played  a  role  with  roasts  stored  twelve  months  where 
fail  energy  values  were  higher  for  0°F  in  24  nr  product  that  received  no 
temperature  abuse  compared  to  its  temperature  abused  counterparts  and 
non-temperature  abused  roasts  from  the  other  freezing  rates  (Table  123). 
With  adjustment  of  values  prior  to  freezing,  fail  energy  values  for  roasts 
frozen  to  0°F  in  48  nr  and  not  abused,  did  not  differ  from  the  other  rates 
(Table  124). 

Fail  energy  values  for  cores  were  higher  following  twelve  months  for 
roasts  stored  initially  at  0°F  and  finally  at  +20°F  compared  to  values 
obtained  just  after  freezing  (Table  125).     In  a  more  extensive  interaction 
involving  storage  time  (immeaiately  following  freezing,  twelve  months) 
initial  and  final  storage  temperatures,  freezing  rate  and  temperature  abuse 
(Table  126),  the  reason  for  the  interaction  from  a  logical  aspect  was  the 
higher  values  noted  for  0°F,  finally  stored  at  +20°F  and  not  receiving 
abuse  vs  many  of  the  other  treatment  combinations.    Adjustment  of  these 
values  for  differences  prior  to  freezing,  removed  many  of  these  differences 
(Table  127).    Roasts  stored  for  nine  months  and  originally  frozen  to  0°F  in 
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Table   123.     Interaction  effect  of  temperature  abuse  and  rate  of 

freezing  on  Inatron  fail  energy  values  for  roast  beef 
cores  following  twelve  months  of  storage 


Temperature   Freezing  rate,  hours  to  0°F  

abuse  24  48  72  96  

T  3.74  +  .34b      3.74  +  .34b       4.26  +  .34b      5.12  +  .34ab 

N  5.83  +  .34a      4.31  +  .34b        3.66  +  .34b      4.13  +  .34b 


ab  Any  mean  comparisons  with  the  same  letters  are  not  different 
(P>.05).    Mean  +  S.E.     T  -  temperature  abused.     N  -  Not 
temperature  abused. 
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Table  124.     Interaction  effect  of  temperature  abuse  and  rate  of  freezing  on 
Instron  fail  energy  values  for  beef  roast  cores  following  twelve 
months  storage  -  data  adjusted  for  differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F  

Temperature 

abuse  24  48  72  96 


T  3.85  +  .32b        3.99  +  .32b         4.08  +  .32b        4.83  +  .32ab 

N  5.98  +  .32a        4.44  +  .32ab        3.66  +  .32b        3.97  +  .32b 


ab  Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05). 
Mean  +  S.E.     T  =  temperature  abused,  N  =  not  temperature  abused. 
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72  hr  had  higher  fail  energy  values  than  twelve-month-stored  roasts  at  this 
freezing  rate  and  other  freezing  rates  at  nine  months  (Table  128). 

The  next  section  deals  with  similar  Instron  values,  but  now  obtained 
from  roast  beef  slices  rather  than  cores.    Peak  load  values  presented  in  a 
general  form  throughout  most  of  the  study  are  in  Table  129  and  show  a  great 
deal  of  variability.    Immediately  following  freezing,  roasts  frozen  to  0°F 
in  96  hr  displayed  higher  peak  load  values  than  roasts  frozen  to  0°F  in  72 
hr  (Table  130).    This  was  not  noted  for  roast  beef  cores.    Following  twelve 
months  of  storage,  roast  beef  slices  from  roasts  frozen  to  0°F  in  24  hr, 
initially  stored  at  0°F,  and  finally  stored  at  +20°F  produced  high  peak 
load  values,  whereas  roasts  frozen  to  0°F  in  72  hr,  initially  stored  at 
-10°F  and  finally  stored  at  -10°F  generated  very  low  peak  load  values  for 
beef  slices  (Table  131).    Temperature  abuse  produced  an  increase  in  peak 
load  values,  at  twelve  months  only  for  roasts  frozen  to  0°F  in  24  hr  and 
initially  stored  at  0°F  (Table  132).    An  interaction  involving  time  (six, 
nine  months)  initial  storage  temperature  and  freezing  rates  was  detected 
for  peak  load  values  for  slices  by  anlaysis  of  variance,  but  not  oy  HSD 
(Table  133). 

General  mean  information  pertaining  to  Newton  values  for  slices  is 
presented  in  Table  134.    Considerable  variation  (S.D.)  can  be  noted  with 
apparent  trends  not  detectable.     Immediately  following  freezing,  slices 
from  roasts  frozen  to  0°F  in  96  hr  produced  higher  Newton  values  than  the 
other  three  rates  (Table  135).    A  significant  freezing  rate  with  before- 
after  freezing  was  found  for  slice  Newton  values,  but  no  mean  differences 
exceeded  the  HSD  value  (Table  136).    Before  freezing  values  were 
substantially  higher  than  immediately  post-freezing  values  (Table  137). 
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Table  128.     Interaction  effect  of  storage  time  (nine,  twelve  months) 

and  rate  of  freezing  on  Instron  fall  energy  values  for  roast  beef 
cores 


Evaluation   Freezing  rate,  hours  to  0°F  

time,  months  24  48  72  96  

9  4.09  +  .20b         3.84  +  .20b         5.48  +  .20a       3.86  +  .20b 

12  3.83  +  .20b         3.83  +  .20b         3.82  +  .20b       4.60  +  .20ab 


ab  Any  mean  comparisons  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 
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Table  129.     General  table  illustrating  Instron  peak  load  values  for  roast  beef 
slices  throughout  storage  and  according  to  final  storage 
temperature  and  freezing  rate  -  no  statistical  analysis3 


Freezing  rate,  hours  to  Q°F 


Evaluation  Final  storage 

time  temperature,   °F  24  48  72  96 


UClULC 

4. 

44 

+ 

1. 

11 

4. 

43 

+ 

97 

4. 

34 

+ 

88 

5. 

02 

+ 
— 

93 

treezing 

Immediately 

4. 

47 

+ 

1. 

05 

4. 

29 

+ 

1 

.11 

4. 

02 

+ 

94 

5. 

21 

+ 

88 

after  freez- 

ing, 1  day 

6  months 

-10T 

3. 

41 

+ 

39 

4 

74 

+ 

.57 

4. 

40 

+ 

84 

5. 

21 

+ 

63 

OT 

5. 

03 

+ 

76 

4 

48 

+ 

.72 

4. 

35 

+ 

97 

5. 

17 

+ 

1 

46 

20T 

4 

36 

+ 

1 

.18 

4 

.28 

+ 

.74 

4. 

44 

+ 

1 

15 

4. 

68 

+ 

76 

9  months 

-10T 

4 

29 

+ 

.72 

3. 

89 

+ 

.87 

4 

79 

+ 

1 

12 

5. 

32 

+ 

1 

49 

OT 

4 

67 

+ 

1 

.21 

4. 

26 

+ 

.58 

4 

.35 

+ 

.90 

4 

84 

+ 

1 

50 

20T 

5 

.23 

+ 

1 

04 

4. 

28 

+ 

.68 

4 

.80 

+ 

1 

.02 

4 

63 

+ 

1 

.08 

12  months 

-10T 

4 

.73 

+ 

1 

08 

4 

26 

+ 

.93 

3 

.53 

+ 

.78 

4 

.34 

+ 

.79 

OT 

4 

53 

+ 

97 

3 

68 

+ 

.55 

3 

.86 

+ 

1 

.00 

4 

.58 

+ 

.92 

20T 

5 

.82 

+ 

1 

.64 

3 

98 

+ 

1 

.32 

4 

.20 

+ 

.53 

5 

.17 

+ 

1 

.06 

20N 

3 

.86 

+ 

.88 

5 

.33 

+ 

1 

.34 

4 

.91 

+ 

.73 

5 

.10 

+ 

.90 

^ean  +  S.D.,  T  =  temperature  abused;  N  =  not  temperature  abused. 
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Table  130.     Effect  of  freezing  rate  on  Instron  peak  load  values  for  roast 
beef  slices  immediately  following  freezing 


 Freezing  rate,  hours  to  Q°F  

24  48  72  96 


4.47  +  .28ab      4.29  +  .28ab      4.02  +  .28b      5.21  +  .28a 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 
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Table  132.     Interaction  effect  of  temperature  abuse,  initial  storage 

temperature  and  rate  of  freezing  on  Instron  peak  load  values  for 
roast  beef  slices  following  twelve  months  storage 


Freezing  rate,  hours  to  0°F 


Temperature      Initial  storage 

abuse  temperature,   °F  24  48  72  96 


T 

-10 

4.52 

+  .63ab 

3.06 

+  .63b 

4.44  + 

.63ab 

5. 

85 

+ 

.63ab 

0 

7.11 

+  .63a 

4.90 

+  .63ab 

3.96  + 

•  63ab 

4. 

48 

+ 

.  63ab 

N 

-10 

4.32 

+  .63ab 

5.76 

+  .63ab 

5.15  + 

.63ab 

4. 

67 

+ 

.63ab 

0 

3.41 

+  .63b 

4.90 

+  .63ab 

4.67  + 

.63ab 

5. 

54 

+ 

.63ab 

ab  Any  mean 

comparison  with 

the  same 

letters 

is  not 

different 

(P>.05) 

Mean  +  S.E.     T  =  temperature  abused;  N  ■  not  temperature  abused. 
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Table  133.     Interaction  effect  of  storage  time  (six,  nine  months),  initial 
storage  temperature  and  rate  of  freezing  on  Instron  peak  load 
values  for  roast  beef  slices3 


Freezing  rates,  hours  to  0°F 


Evaluation        Initial  storage 

time,  months     temperature,   °F  24  48  72  96 


6 

-10 

4. 

58 

+ 

.32 

4. 

30 

+ 

.32 

4 

06 

+ 

.32 

4. 

99 

+ 

.32 

0 

3. 

95 

+ 

.32 

4. 

70 

+ 

.32 

4 

73 

+ 

.32 

5. 

04 

+ 

.32 

9 

-10 

4 

59 

+ 

.32 

4. 

32 

+ 

.32 

4 

91 

+ 

.32 

4. 

25 

+ 

.32 

0 

4 

87 

+ 

.32 

3 

97 

+ 

.32 

4 

39 

+ 

.32 

5 

61 

+ 

.32 

a  Interaction  significant  by  analysis  of  variance,  but  not  by  HSD.     Mean  +  S.E. 
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Table  135.    Effect  of  freezing  rate  on  Instron  Newton  values  for 
roast  beef  slices  immediately  following  freezing 


Freezing 

rate,  hours  to  0°F 

24 

48 

72 

96 

91 

.53  +  7 

.36b 

93.34  +  7 

.36b       76.39  +  7.36b 

128.99  +  7.36a 

ab 

Means 

on  the 

same  line 

with  the  same  letters 

are  not 

different  (P>.05);  Mean  +  S.E. 
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Table  136.    Interaction  effect  of  storage  time  (before  freezing,  immediately  after  freezing) 
and  rate  of  freezing  on  Instron  Newton  values  for  roast  beef  slices3 


Freezing  rate,  hours  to  "F 


Evaluation  time  24  48  72  96 


Before  freezing 

124.26  +  7.78 

112.81  +  7.78 

100.46  +  7.78 

116.76  +  7.78 

Immediately  following 

freezing,  1  day 

91.53  +  7.78 

93.34  +  7.78 

76.39  +  7.78 

128.99  +  7.78 

aInteraction  effect  significant  (P<.05)  by  analysis  of  variance,  but  not  by  HSD, 


Roasts  stored  initially  at  0°F  and  finally  at  +20°F  had  lower  Newton 
values  for  slices  when  roasts  were  frozen  to  0°F  in  96  hr  (Table  138). 
This  difference  was  not  found  for  the  other  three  freezing  rates. 
Following  twelve  months  of  storage,  a  significant  initial  and  final  storage 
temperature  with  freezing  rate  interaction  was  noted,  but  Instron  problems 
at  this  time  prevented  full  statistical  analyses  (Table  139). 

General  information  throughout  storage  for  Instron  modulus  values  for 
roast  beef  slices  is  shown  in  Table  140.    Again,  no  clear  trends  were 
evident.    Following  six  months  of  storage,  modulus  values  were  higher  for 
roasts  frozen  to  0°F  in  96  hr  when  roasts  were  initially  stored  at  0°F. 
Such  was  not  the  case  when  roasts  were  initially  held  at  -10°F  (Table  141). 
A  significant  (P<.05)  interaction  for  time  (six,  nine)  initial  and  final 
storage  temperature  and  freezing  rate  was  found  for  slice  modulus  values  by 
analysis  of  variance,  but  not  by  HSD  (Table  142).  After  nine  months  of 
storage,  however,  roasts  held  initially  at  -10°F  produced  lower  modulus 
values  than  roasts  initially  stored  at  0°F  (Table  143). 

General  information  pertaining  to  Instron  fail  energy  values  for 
slices  is  shown  in  Table  144.    Values  were  slightly  higher  for  roasts 
frozen  to  0°F  in  96  hr.    In  contrast  to  the  modulus  values  (Table  143) 
following  nine  months  of  storage,  fail  energy  values  for  roasts  stored 
initially  at  -10°F  were  higher  than  those  stored  at  0°F  (Table  145).  For 
roasts  initially  stored  at  -10°F  and  finally  stored  at  +20°F,  the  0°F  in  48 
hr  freezing  rate  generated  lower  fail  energy  values  for  slices  than  the  the 
0°F  in  96  hr  freezing  rate  (Table  146).    Following  twelve  months  storage, 
other  storage  temperature-freezing  rate  comparisons  did  not  differ.  Also 
at  twelve  months  of  storage  (Table  147)  for  roasts  stored  initially  at 
-10°F  and  receiving  temperature  abuse,  the  0°F  in  96  hr  rate  produced  much 


Table  137.    Effect  of  storage  time  (before 
freezing,  immediately  following  freezing)  on 
Instron  Newton  values  for  roast  beef  slices 


Evaluation  time 


Immediately  following 
Before  freezing  freezing,  1  day 

113.57  +  3.89a  97.56  +  3.89b 


ab    Differences  between  means  significant 
(P<.05);  Mean  +  S.E. 
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Table  141.     Interaction  effect  of  initial  storage  temperature  and  rate  of  freezing 
on  Instron  modulus  values  for  roast  beef  slices  following  six  months 
storage 


Initial  storage 
temperature,  °F 

Freezing  rates, 

hours  to 

0°F 

24 

48 

72 

96 

-10 

104 

.16  + 

4. 

18ab 

96.93  +  4.18b 

94.38  + 

4.18b 

97 

.16  +  4 

18b 

0 

99 

.69  + 

4. 

18b 

100.66  +  4.18ab 

84.68  + 

4.18b 

120 

.62  +  4 

18a 

ab  Any  mean  comparison  with  the  same  letter  is  not  different  (P>.05).     Mean  +  S.E. 
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Table  143.     Effect  of  Initial  storage  temperature  on  Instron  modulus 

values  for  roast  beef  slices  following  nine  months  of  storage 


Initial  storage  temperature,  °F 
-10  0 


92.7  +  2.8b        103.3  +  2.8a 


ab  Difference  between  means  significant  (P<.05). 


J 
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Table   144.     General  table  illustrating  Instron  fail  energy  values  for 
roast  beef  slices  through  storage  and  according  to  final 
storage  temperature  and  rate  of  freezing  -  no  statistical 
analysis3 


Freezing  rate,   hours  to  Q°F 


Evaluation  Final  storage 

time  temperature,   °F  24  48  72  96 


Before  freezing 

2.16 

+ 

.63 

2. 

27 

+ 

.70 

2. 

10 

+ 

.60 

2. 

39 

+ 

.62 

Immediately  after 

freezing,  1  day 

2.33 

+ 

.67 

1. 

99 

+ 

.62 

2. 

10 

+ 

.79 

2. 

35 

+ 

.78 

6  months 

-10T 

1.92 

+ 

.36 

2. 

59 

+ 

.62 

2. 

23 

+ 

.42 

2. 

69 

+ 

.63 

OT 

2.36 

+ 

.37 

2. 

73 

+ 

1.02 

2. 

41 

+ 

.90 

2. 

29 

+ 

.78 

20T 

2.15 

+ 

.54 

2. 

01 

+ 

.33 

2. 

42 

+ 

.90 

2. 

11 

+ 

.38 

9  months 

-10T 

2.46 

+ 

.56 

2. 

06 

+ 

.65 

2. 

61 

+ 

.64 

2. 

60 

+ 

.65 

OT 

2.56 

+ 

.77 

2. 

26 

+ 

.54 

2. 

55 

+ 

.76 

2. 

48 

+ 

.72 

20T 

2.76 

+ 

.63 

2. 

33 

+ 

.77 

2. 

67 

+ 

.67 

2. 

69 

+ 

.97 

12  months 

-10T 

2.38 

+ 

.51 

2. 

46 

+ 

.63 

2. 

27 

+ 

1.09 

2. 

60 

+ 

.42 

OT 

2.38 

+ 

.53 

1. 

81 

+ 

.40 

2. 

46 

+ 

.52 

2. 

85 

T 

.75 

20T 

2.53 

+ 

.63 

1. 

90 

+ 

.76 

2. 

24 

+ 

.39 

3. 

00 

+ 

.70 

20N 

1.82 

+ 

.36 

2. 

56 

T 

.47 

2. 

21 

+ 

.64 

3. 

42 

+ 

.73 

a  Mean  +  S.D.,  T  =  temperature  abused;  N  =  not  temperature  abused 
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Table    145.     Effect  of  initial  storage  temperature  on  Instron  fail  energy 
values  for  roast  beef  slices  following  nine  months  of  storage 


Initial  storage  temperature,  °F 

 ^10  0  

2.52  +  .13a         2.48  +  .13b 


ab  Difference  between  means  significant  (P<.05).     Mean  +  S.E. 
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higher  fail  energy  values  than  the  0°F  in  48  hr  rate.    For  nonabused 
roasts,  initially  stored  at  0°F,  the  0°F  in  96  hr  freezing  rate  generated 
higher  fail  energy  values  than  the  0°F  in  24  hr  rate. 

Many  differences  were  detected  in  the  storage  time  (immediately  after 
freezing,  twelve  months),  initial  and  tinal  storage  temperature  and 
freezing  rate  interaction  for  fail  energy  values  for  slices  (TaDle  148). 
Many  of  the  differences  (although  not  consistent  in  direction)  were  between 
temperature  and  nontemperature  abused  roasts.    A  significant  (P<.05) 
interaction  involving  storage  time  (nine,  twelve  months)  initial  storage 
temperature  and  freezing  rate  was  founa  for  Instron  fail  energy  values  for 
slices  by  analyses  of  variance,  but  not  by  HSD  procedures  (Table  149). 

The  next  section  of  this  report  deals  with  the  many  forms  in  which 
weight  loss  was  expressed  throughout  the  project.    The  values  given  in 
Table  150  relate  to  the  total  project  loss  involved  for  roasts  from  before 
freezing  until  after  cooling  of  cookeu  roasts.    Obviously,  for  roasts  not 
subjected  to  freezing  (before  the  project),  this  weight  loss  is  simply  that 
weight  lost  in  cooking  and  cooling  and  thus  is  much  less.     Increases  in 
storage  time  did  not  greatly  change  this  "total  project  loss,"  although 
roasts  stored  at  +20°F  appeared  to  sustain  more  loss. 

The  values  given  in  Table  151  indicate  there  were  some  differences  in 
total  loss  among  each  week's  selection  of  roasts  (different  freezing 
rates).    Following  nine  months  of  storage,  for  roasts  initially  stored  at 
-10°F  and  frozen  to  0°F  in  48  hr  and  for  roasts  initially  stored  at  0°F  and 
frozen  to  0°F  in  24  nr;  +20°F  final  storage  produced  more  total   loss  than 
roasts  stored  at  0°F  (Table  152).    Dropping  out  the  0°F  in  72  hr  rate 
(which  then  enabled  the  inclusion  of  -10°F  final  storage  temperature)  did 
not  change  these  findings  (Table  153). 
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Table  149.     Interaction  effect  of  storage  time  (nine,   twelve  months)  Initial 
storage  temperature  and  rate  of  freezing  on  Instron  fall  energy 
values  for  roast  beef  slices3 


Freezing  rate,   hours  to  0°F 


Evaluation        Initial  storage 

time,  months     temperature,   °F  24  48  72  96 
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interaction  effects  significant  (P<.05)  by  analysis  of  variance,  but  not 
by  HSD.     Mean  +  S.E. 
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Table  151.  Effect  of  freezing  rate  on  percent  change  in  weight  from  just 
before  freezing  until  after  cooling  of  cooked  beef  roasts  for 
roasts  not  frozen  just  before  freezing 


Final  rate,  hours  to  0°F 
24  48  72  96 


-30.26  +  .77ab    -28.23  +  1.09b    -28.92  +  .77ab    -31.89  +  .89a 


ab  Means  on  the  same  line  with  the  same  letters  are  not  different  (P<.05). 
Mean  +  S.E. 
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Following  twelve  months  of  storage,  roasts  finally  storeo  at  +20°f 
underwent  more  weight  loss  from  before  freezing  until  after  cooling  of 
cooked  roasts  than  what  occurred  for  the  other  two  temperatures  (Taole 
154).    As  noted  earlier,  the  process  of  freezing  itself  substantially 
increasea  "total  project  losses"  (Table  155).    However,  losses  at  nine 
months  were  less  than  those  found  immediately  following  freezing.    The  same 
situation  also  appliea  after  twelve  months  storage  (Table  156). 

An  interaction  involving  six-nine  months  of  storage  with  other 
variables  was  detected  by  analysis  of  variance,  but  not  by  HSD  mean 
separation  (Table  157).     In  breaking  out  all  the  treatment  combinations 
inherent  at  nine  months  storage,  it  was  found  that  none  haa  less  total  loss 
than  that  noted  immediately  following  freezing  (Table  158).    The  same  also 
applied  at  twelve  months  of  storage  (Table  159,  160). 

The  next  table  presents  simply  the  percent  change  in  weight  as  a 
result  of  freezing  with  no  storaqe.    Table  161  orovides  the  general 
information  regarding  this  trait  and  shows  in  most  cases  that  the  roasts 
actually  gained  in  weight  as  a  result  of  freezing. 

General   information  regarding  strictly  the  weight  loss  or  aain  as  a 
result  of  freezer  storage  is  qiven  in  Table  162.     It  is  obvious  that  the 
advancements  in  storage  time  and  the  use  of  +20°F  final  storage  temperature 
produced  greater  weight  loss  during  storage;  however,  in  many  cases  the 
mean  values  are  <  0.02%  loss.    Roasts  frozen  to  0°F  in  72  hr  sustained  more 
weight  loss  than  roasts  frozen  to  0°F  in  2a.  nr  if  initial  storage  was  at 
-10°F  following  six  months  storage.     This  difference  was  not  found  for 
roasts  subjected  to  0°F  initial  storage  (Taule  163).     The  major  logical 
factor  responsible  for  the  initial-final  storage  temperature-freezing  rate 
interaction  at  nine  'Months  storage  was  the  substantially  greater  storaqe 
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Table   154-     Effect  of  final  storage  temperature  on  percent  change  in  weight 
from  just  before  freezing  until  after  cooling  of  cooked  beef 
roasts  following  twelve  months  storage 


Final  storage  temperature,  °F 
-10  0  20 


-32.40  +  .54b  -33.24  +  .54b  -35.58  +  .59a 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 
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Table  155 .     Effect  of  various  storage  time  comparisons  on  percent  change  in 
weight  from  just  before  freezing  until  after  cooling  of  cooked 
beef  roasts 


Evaluation  time 


Before  freezing 

-29.88  +  .52b 

Immediately  following 
freezing,  1  day 

-34.38  +  .69a 

Immediately  following 
freezing,  1  day 

-34.48  +  .80a 


Immediately  following 
freezing,  1  day 

-34.59  +  .42a 

9  months0 
-33.21  +  .69b 

9  monthsd 
-34.29  +  .80b 


ab  Differences  between  means  significant  (P<.05).     Mean  +  S.E, 


'Does  not  include  0°F  in  72  hr  freezing  rate. 
%oes  not  include  -10 °F  final  storage  temperature. 


988Q,  p.  26 


Table  156.    Effect  of  storage  time  (immediately 
following  freezing,  twelve  months) 
on  percent  change  in  weight  of  beef 
roasts  from  just  before  freezing 
until  after  cooling  of  cooked  roasts 


Evaluation  Time 

Immedi  ately 

after 

freezing,  1 

day                               12  months 

-34.47  +  . 

6ba                               -33.71  +  .6bb 

ab  Difference  between  means  significant  (P<.0b). 
Mean  +  S.E.  Includes  only  temperature  abused 
product . 
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loss  for  roasts  frozen  to  0°F  in  24  hr,  initially  stored  at  0°F  and  finally 
stored  at  +20°F  vs  the  same  initial  temperature  and  freezing  rate,  but  the 
0°F  final  storage  temperature  (Table  164).    After  both  six  and  nine  months 
storage,  +20°F  final  temperature  resulted  in  higher  (P<.05)  storage  losses 
than  the  other  two  temperatures  (Table  165).    Six  months  storage  produced 
more  loss  than  nine  months  storage  (Table  166).     In  comparing  nine  vs 
twelve  months  of  storage  (Table  167),  twelve  months  produced  more  weight 
loss  only  if  roasts  were  frozen  to  0°F  in  either  24  or  72  hr. 

Combining  the  losses  during  freezing  witn  those  obtained  during 
storage  is  shown  in  the  next  series  of  tables.    Since  more  of  the  loss 
occurred  during  storage  than  freezing,  these  oata  in  combined  form  reflect 
more  of  the  effect  of  storage  time  (Table  168).    The  slower  freezing  rates 
(0°F  in  72,  96  hr)  acutally  had  a  gain  in  patty  weight  during  this  interval 
compared  to  the  faster  rates  (0°F  in  24,  48  hr  -  Table  169).    After  six, 
nine  and  twelve  months  storage,  +20°F  storage  produced  more  weight  loss 
than  the  other  two  temperatures  (Table  170).    When  weight  losses  from 
before  freezing  until  after  storage  were  determined  at  six  months  storage, 
roasts  frozen  to  0°F  in  48  or  72  hr  underwent  more  weight  loss  than  roasts 
frozen  to  0°F  in  96  hr  if  roasts  were  initially  stored  at  -10°F  (Taole 
171).    This  trend  was  not  found  for  roasts  initially  stored  at  0°F. 

A  complex  four-way  interaction  involving  time  (six,  nine  months), 
initial  and  final  storage  temperatures  and  freezing  rate  is  shown  in  Table 
172.    The  interaction  seems  to  center  largely  around  the  extent  of  weight 
loss  for  roasts  stored  at  +20°F.    For  some  treatment  combinations,  the 
weight  loss  was  extensive  if  +20°F  was  used,  but  for  some  others  the  loss 
was  not  large.    No  differences  in  weight  loss  was  found  following  nine 
months  storage  between  0°F  in  24  ano  0°F  in  48  hr  freezing  rates,  while 
after  twelve  months  0°F  in  24  hr  rate  sustained  more  loss  (Table  173). 
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Table  165.    Effect  of  final  storage  temperature  on  percent  change 


in  weight  for  beef 
until  after  various 

roasts  from  just  after 
storage  periods 

freezing 

Final 

Storage  Temperature, 

°F 

Eval uation 
time,  months 

-10 

0 

+20 

6 

-.074  +  .017b 

-.077  +  .017b 

.15    +  .017a 

12 

-.040  +  .019b 

-.110  +  .023b 

.260  +  .019a 

ab    Means  on  the  same  line  with  different  letters  are  different 
(P<.05) .    Mean  +  S.E. 


Table  166.    Effect  of  storage  time  (six,  nine 

months)  on  percent  change  in  weight 
for  beef  roasts  from  just  after 
freezing  until  after  storage 


Evaluation  Time,  months 


6  9 


-.099  +  .011a  -.042  +  .011b 


ab    Difference  between  means  significant  (P<.05). 
Mean  +  S.E. 
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Table  167.     Interaction  effect  of  storage  time  (nine,  twelve  months),  and 
freezing  rate  on  percent  change  in  weight  for  beef  roasts 
from  just  after  freezing  until  after  storage 


Freezing  Rate, 

hours  to  0°F 

Evaluation 
time,  months 

24 

48 

72 

96 

9 

-.034  +  .021c 

-.10  +  .021abc 

-.02  +  .021c 

.015 

+  .023c 

12 

-.19    +  .021a 

-.11  +  .023abc 

-.17  +  .021ab  - 

.078 

+  .023bc 

abc    Any  mean 

comparison  with 

different  letters 

is  different  (P< 

.0b) 

Mean  +  S.E. 
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Table  169.    Effect  of  freezing  rate  on  percent  change  in  weight  for 
beef  roasts  from  just  before  freezing  until  after  nine 
months  storage 


Freezing  Kate,  hours  to  0°F 

24 

48  72 

96 

-.0095  +  .02a 

-.074  +  .02a           +.035  +  .20b 

+.031  +  .2b 

ab    Means  on  the  same 

line  with  different  letters  are 

different  (P<.0b). 

Mean  +  S.E. 
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Table  170.     Effect  of  final  storage  temperature  on  percent  change  in  weight 
for  beef  roasts  from  just  before  freezing  until  after  various 
storage  periods 


Final  storage  temperature,  °F 


Evaluation 
time,  months 

-10 

0 

20 

6 

-.026  + 

.018b 

-.037 

+ 

.018b 

-.114  + 

.018a 

9 

+.046  + 

.018b 

+  .054 

+ 

.018b 

-.110  + 

.018a 

12 

-.047  + 

•  032b 

-.068 

+ 

.037  b 

-.21  + 

.032a 

ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 


988Q,  p.  5 


I 

i 
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Table  171.     Interaction  effect  of  initial  storage  temperature  and  freezing  rate  on 


percent  change  in  weight 
months  storage  for  beef 

from  just  before 
roasts 

freezing  until 

after  six 

Freezing  rate 

,  hours  to  0°F 

Initial  storage 

temperature,  °F  24 

48 

72 

96 

-10                               -.0089  +  .029ab 
0                              -.092    +  .029ab 

-.14  +  .029a 
-.05  +  .029ab 

-.14    +  .029a 
-.014  +  .029ab 

.008  +  .029b 
-.038  +  .029ab 

ab  Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05)  Mean  +  S.E. 


0980Q,  p.  24 
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Table  173.    Interaction  effect  of  storage  time  (nine,  twelve  months)  and 
freezing  rate  on  percent  change  in  weight  of  beef  roasts  from 
before  freezing  until  after  storage 


 Freezing  Rate,  hours  to  U°F  

Evaluation 

time,  months  24  48  72  9b 

9  -.0095  +  .028ab      -.074  +  .028ab      +.035  +  .028b    +.031  +  .U28b 

12  -.15     +  .028a       -.095  +  .032b       -.16    +  .028a    -.034  +  .u32ab 


ab   Any  mean  comparison  with  different  letters  are  different  (P<.06). 
Mean  +  S.E. 
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Values  for  percent  thaw  loss  are  given  next.    To  some  extent,  the  thaw 
losses  are  larger  as  a  result  of  longer  storage  times  and  the  use  of  +20°F 
storaqe  temperature  (Table  174).    At  both  nine  and  twelve  months,  roasts 
frozen  to  0°F  in  48  hr  had  lower  thaw  losses,  especially  when  compared  to 
roasts  frozen  to  0°F  in  96  hr  (Table  175).    At  both  nine  and  twelve  months, 
the  use  of  +20°F  final  storage  temperature  resulted  in  more  thaw  loss  than 
-10°F  temperature  (Table  176).     It  is  somewhat  surprising  to  see  higher 
temperatures  of  storage  and  longer  storage  times  producing  more  thaw  loss, 
since  it  would  seem  those  conditions  would  result  in  more  losses  during 
storage  (wnich  they  did)  that  would  normally  then  not  be  lost  in  thawing. 

The  next  set  of  tables  depicts  the  weight  loss  from  before  freezing 
until  after  thawing.    Since  this  range  encompasses  some  previous 
information,  the  greater  reduction  in  weight  as  a  result  of  additional 
storage  and-the  +20°F  temperature  was  to  be  expected  (Table  177). 
Following  both  nine  and  twelve  months  of  storage,  the  use  of  +20°F  final 
temperature  created  more  loss  than  the  -10°F  temperature  (Table  178).  This 
form  of  loss  was  less  at  nine  months  for  roasts  frozen  to  0°F  in  48  hr  vs 
those  frozen  to  0°F  in  either  72  or  96  hr  (Table  179).    Losses  from  before 
freezing  until  after  thawing  were  greater  followinq  six,  nine  ana  twelve 
months  compared  to  immediately  following  freezing  (Tables  180,  181).  There 
is  some  indication  at  nine  months  and  twelve  months  storage  that  -10°F 
initial  storage  did  not  increase  these  losses  as  much  as  0°F  initial 
storage  (Tables  182,  183).    Roasts  initially  stored  at  0°F  and  receiving 
temperature  abuse  were  not  different  in  this  form  of  weight  loss  than 
roasts  evaluated  immediately  following  freezing  (Table  184). 
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Table  175.    Effect  of  freezing  rate  on  percent  thaw  loss  for  beef  roasts 
following  nine  or  twelve  months  storage 


 Freezing  Rate,  hours  to  U°F  

Evaluation 

time,  months  24  48  72  96 

9  10.11  +  .64bc       8.52  +  .64c       12. 72+. 64a  12.30+.64ab 

12  11.31  +  .69ab       9.60  +  .77b       11.58  +  .69ab       13.27  +  .77a 


abc    Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 


Table  176.    Effect  of  final  storage  temperature  on  percent  thaw  loss 
for  beef  roasts  following  nine  and  twelve  months  storage 


Fi  nal 

Storage  Temperature, 

op 

Evaluation 
time,  months 

-10 

0 

+20 

9 

9.61  +  .55b 

10.03  +  .55b 

13.1    +  .55a 

12 

10.49  +  ,60b 

11 .05  +  ,7Uab 

12.78  +_  .6Ua 

ab    Means  on  the  same  line  with  different  letters  are  different 
(P<.05).    Mean  +  S.E. 


01 

0) 

x> 

00 

cd 

a 

K 

o 

O 

u 

4-1 

co 

CO 

H 

u 

cd 

CO 

d 

cd 

■H 

O 

IM 

n 

O 

m 

4-1 

<u 

cu 

00 

d 

■H 

cd 

m 

Tj 

m 

o 

V-i 

cu 

o 

CO 

4-1 

a 

>. 

rd 

o 

H 

00 

cd 

cd 

3 

cu 

•■a 

cd 

d 

cd 

H 

C3 

cd 

■H 

CU 

o 

00  *H 

0) 

cd 

4-1 

u 

CO 

d 

o 

•H 

cd 

4-1 

4-J 

rd 

(0 

cd 

o 

4-1 

4-) 

CO 

4-1 

3 

(3 

o 

o 

cu 

,d 

c 

o 

00 

H 

3 

1 

cu 

o 

a 

f-l 

00 

c 

cu 

4-1 

•H 

rd 

4-1 

■oo 

cu 

d 

CU 

00 

■H 

a 

<4H 

■H 

cd 

4-1 

rd 

•4-1 

« 

4-1 

O 

M 

4-J 

r4 

CU 

n 

CU 

4-1 

3 

4-1 

cd 

H 

4-1 

n 

H 

cd 

•H 

H 

d 

CU 

•H 

cd 

i— 1 

4-1 

c 

CU 

cd 

u 

4-) 

3 

00 

4-J 

H 

a 

cd 

cd 

•H 

U 

N 

a) 

cu 

CU 

a, 

(3 

CU 

S 

CU 

u 

<D 

O 

4-1 

CU 
4-1 

cd 

V-l 
00 

c 

•H 

0) 
CU 


o 

CU 

00  ' 

cd  cu 

u  u 

O  3 

4-1  4-> 

co  cd 

rH  cu 

cd  ex 

C  a 

•H  <U 

Elc  4-1 


i 

rH 

m 

rH 

CO 

rH 

CD 

CNJ 

00 

H 

st 

00 

CO 

uo 

H 

CN 

>n 

CN 

00 

H 

CN 

CN 

CN 

CN 

CN 

CN 

rH 

CM 

J. 

l+l  +  l 

_l_ 

i 

l  +  l+l 

i 
i 

+  1  + 

1  J-  1 

CM 

H 

CM 

CO 

CO 

CM 

V4D 

O 

co 

en 

O 

vj- 

on 

rH 

O 

o 

r*«. 

on 

ON 

00 

• 

• 

• 

• 

00 

OO 

CN 

CT\ 

CNI 

m 

CN 

CN 

rH 

1 

1 

1 

rH 

1 
1 

1 

rH 
1 

rH 
1 

rH 
1 

rH 
1 

1 

rH 
1 

prj 

ON 

vO 

00 

o 

CO 

in 

ON 

m 

ON 

o 

o 

CO 

m 

vO 

ON 

• 

• 

• 

• 

• 

CN 

CM 

CnI 

CN 

CN 

H 

CN 

rH 

CN 

CO 

rH 

4. 1 

4- 

i 

i" 

1  -J-  1 

1  T  I 

+ 

1  + 

1  -L.  1 

1+  1 

+ 

1  + 

1 

+ 

4. 1 

CO 

CNI 

On 

St 

o 

_ 

co 

rH 

O 

O 

rH 

ON 

o 

in 

rH 

m 

O 

vO 

CN 

O 

o 

rH 

rH 

rH 

m 

o 

CN 

CN 

CO 

1 

rH 
1 

rH 
1 

rH 
1 

rH 
1 

rH 
1 

rH 
1 

rH 
1 

rH 
1 

rH 
1 

rH 
1 

CO 

CN 

ON 

u  1 

o 

CN 

m 

CTN 

vO 

o 

On 

00 

st 

U~l 

r>. 

vO 

CO 

CO 

ON 

CO 

CM 

ST 

H 

CO 

CN 

rH 

rH 

CM 

CM 

rH 

4.  I 

4. 

1  + 

l  +  l 

+ 

+ 

+  1 

+  1  + 

+ 

i  1 

H 

H 

o 

CNJ 

CO 

ON 

ON 

CO 

o 

sr 

in 

CN 

O 

m 

CO 

rH 

• 

O 

CO 

O 

CO 

CO 

CT> 

o 

H 

ON 

1 

tH 

1 

rH 
1 

l 

1 

1 

1 

rH 
1 

rH 
1 

1 

00 

00 

CN 

CO 

oo 

CO 

on 

St 

CN 

00 

CNI 

SJ" 

St 

ON 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

rH 

H 

rH 

rH 

rH 

rH 

CN 

CN 

rH 

rH 

rH 

+  1 

+ 

+ 

l+l 

+  1  + 

l+l 

+  1  +  1  + 

l+l 

ON 

m 

CO 

m 

o 

O 

vO 

CO 

CM 

CO 

rH 

vD 

«* 

CN 

CO 

00 

rH 

CM 

ON 

in 

• 

vjO 

00 

o 

rH 

on 

CO 

CN 

rH 

o 

CN 

ON 

1 

1 

rH 
1 

rH 
1 

1 

1 

rH 
1 

rH 
1 

rH 
1 

rH 
1 

1 

H 

H 

H 

H 

H 

H 

H 

H 

H 

S3 

O 

o 

O 

O 

o 

O 

O 

O 

o 

O 

iH 

CN 

rH 

CN 

rH 

CM 

CM 

00 
0 
•H 

O 

rH 
rH 

O  Cd 
•4H  TJ 

rH 


rH 

o 

(1) 

•H 

4-1 

60 

CO 

CO 

4-) 

cd 

C3 

^3 

cd 

•H 

•H 

4-1 

4-1 

3 

N 

C 

d 

rH 

CU 

CU 

0) 

o 

o 

cd 

e 

s 

CU 

a 

a 

•H 

w 

4-1 

H 

IH 

ON 

CO 
4-1 

d 
o 
a 

CM 


Table  178.    Effect  of  final  storage  temperature  on  percent  change  in 
weight  from  before  freezing  until  after  thawing  for 
beef  roasts  following  nine  and  twelve  months  storage 


Final 

Storage 

Temperature , 

°F 

Eval uation 
time,  months 

-10 

0 

+  20 

9 

-9.61  +  .57b 

-10.01 

+  .62b 

13.22  +  .57a 

12 

-10.53  +  .56b 

-11.37 

+  .56ab 

13.00  +  .56a 

ab    Means  on  the  same  line  with  different  letters  are  different 
(P<.05).    Mean  +  S.E. 
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Table  179.  Effect  of  freezing  rate  on  percent  change  in  weight  from 
just  before  freezing  until  after  thawing  for  beef  roasts 
following  nine  months  storage 


Freezing  Rate, 

hours  to  0°F 

24 

48 

72 

96 

-10.14  +  .66ab 

-8.61  +  .66b 

-12.74  +  .66a 

-12.29  +  .74a 

ab    Means  on  the  same  line  with  different  letters  are  different  (P<,05). 
Mean  +  S.E. 


I 
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Table  180.     Effect  of  various  storage  time  comparisons  on  percent  change  in 
weight  from  just  before  freezing  until  after  thawing  for  beef 
roasts 


Evaluation  time 


Immediately  after 

freezing,  1  day 

6  months 

-7.41a 

-10.19b 

Immediately  after 

freezing,  1  day 

9  months 

-7.41a 

-10.92b 

ab  Difference  between  means  on  the  same  line  significant  (P<.05). 
Mean 


988Q,  p.  4 


Ik 


Table  181.    Effect  of  storage  time  (immediately 

followiny  freezing,  twelve  months)  on 
percent  change  in  weight  of  beef 
roasts  from  just  before  freezing 
unti 1  after  thawing3 


Eval uati  on 

Time 

Immediately  following 
freezing,  1  day 

12  months0 

-6.12b 

-11 .95a 

Immediately  following 
freezing,  1  day 

12  monthsd 

-7.41b 

-11 .61a 

ab    Means  on  the  same  line  with  different  letters 

are  different  (P<.05).    Mean  +_  S.E. 
cIncludes  only  +20°F  final  temperature  stored 
product . 

^Includes  only  temperature  abused  product. 
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The  general  table  providing  information  about  weignt  loss  from  just 
after  freezing  until  after  thawing  is  shown  in  Table  185.    Again,  increases 
in  storage  time  and  the  use  of  +20°F  final  storage  temperature  produced  the 
greatest  losses.    Twelve  months  storage,  however,  was  the  only  time 
interval  to  produce  more  loss  than  that  noted  just  after  freezing  (Table 
186).    Further  breakdown  of  the  twelve-month  values  (TaDle  187)  revealed 
that  -10°F  and  0°F  final  storage  temperatures  from  roasts  initially  stored 
at  -12°F  were  not  different  than  values  recorded  immediately  following 
freezing . 

The  following  series  of  tables  depicts  percent  cooking  loss.  Advances 
in  storage  time  seemed  to  reduce  cooking  loss  (Table  188).    This  is  not  too 
surprising  since  thaw  losses  seemed  to  be  greater  in  roasts  stored  longer 
and  essentially  what  would  be  lost  in  thawing  would  not  be  available  for  a 
loss  during  cooking.    Following  nine  months  storage,  an  interaction 
involving  initial  and  final  storage  temperature  and  rate  of  freezing  was 
found  (Table  189),  but  only  one  specific  treatment  difference  was  detected. 
Following  twelve  months  of  storage,  +20°F  final  storage  temperature 
produced  more  cooking  loss  than  -10°F  (Table  190).    Six,  nine  and  twelve 
months  storage  produced  less  cooking  loss  than  that  found  immediately 
following  freezing  (Table  191,  192).    There  are  some  indications  following 
six  months,  that  the  losses  were  more  extensive  if  0°F  rather  than  -10°F 
was  used  as  tne  initial  storage  temperature  (Table  193).    Such  was  also  the 
case  following  nine  months  storage,  but  only  if  roasts  were  frozen  to  u°F 
in  24  hr  (Table  194). 
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Table  186.    Effect  of  storage  time  (immediately 
following  freezing,  twelve  months) 
on  percent  change  in  weight  of  beef 
roasts  from  just  after  freezing 
until  after  thawing 


Eval uation 

Time 

Immediately  following 

freezing,  1  day 

12  months0 

-7.45b 

-11 .63a 

Immediately  following 

12  monthsd 

freezing,  1  day 

-7.66b 

-11.98a 

ab    Differences  between  means  significant  (P<.U5). 
Mean . 

cIncludes  only  temperature  abused  product. 
.  ^Includes  only  +20°F  final  storage  temperature 
product . 
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Table  190.    Effect  of  final  storage  temperature  on  percent  cooking 
loss  for  beef  roasts  following  twelve  months  storage 


Fi  nal 

Storage 

Temperature,  °F 

-10 

0  +20 

20.38  +  .48b 

20.54 

+  .48ab         22.13  +  .48a 

ab    Means  on  the  same  line  with  different  letters  are  different 
(P<.05).    Mean  +  S.E. 


Table  191.    Effect  of  storage  time  (immediately 
following  freezing,  either  six  or 
nine  months)  on  percent  cooking 
loss  for  cooked  beef  roasts 


Evaluation  Time 


Immediately  following 

freezing,  1  day 

6  months 

25.77a 

22.34b 

Immediately  following 

freezing,  1  day 

9  months 

25.77a 

21 .48b 

ab    Differences  between  means  on  same  line 
significant  (P<.05).  Means. 


Table  192.    Effect  of  storage  time  (immediately 
following  freezing,  twelve  months) 
on  percent  cooking  loss  of  beef 
roasts 


Eval uati  on 

Time 

immeoidLeiy  roi lowing 

freezing,  1  day 

1 2  months0 

25.76a 

21 .84b 

Immediately  following 

freezing,  1  day 

12  monthsd 

25.53a 

21 .U2b 

ab    Means  on  the  same  line  with  different  letters 

are  different  (P<.U5).    Mean  _+  S.E. 
cIncludes  only  +20°F  final  temperature  stored 
product . 

^Includes  only  temperature  abused  product. 
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Following  twelve  months  of  storage,  cooking  losses  were  tiigher  for 
roasts  frozen  to  0°F  in  72  hr  vs  roasts  frozen  to  0°F  in  96  nr.  No 
differences  in  cooking  loss  were  found  between  these  rates  after  nine 
months  storage  (Table  195).    After  twelve  months  storage,  roasts  initially 
stored  at  -10°F  did  not  differ  in  cooking  loss  compared  to  those  calculated 
right  after  freezing  (Table  196).    Roasts  stored  at  0°F  initially  had  lower 
cooking  losses  at  twelvemonths. 

The  amount  of  the  cooking  loss  that  was  represented  as  drip  loss  is 
given  in  the  next  series  of  tables.     In  contrast  to  evaporative  losses, 
much  less  of  the  drip  loss  is  composed  of  moisture.    Since  weight  losses 
previously  oescribea  (mostly  moisture) ,  increased  witn  longer  storage,  it 
could  be  assumed  tnat  drip  loss  as  a  component  of  cooking  loss  would 
increase  with  advancements  in  storage  time  ana  tne  use  of  +20°F  final 
storage  temperature.    There  is  a  slight  evidence  of  this  in  the  general 
table  (Table  197) . 

Following  twelve  months  of  storage,  roasts  frozen  to  0°F  in  48  hr  nad 
more  drip  loss  when  initially  and  finally  stored  at  0°F  compared  to  roasts 
frozen  to  0°F  in  96  nr  under  these  conditions  (Table  198).     Other  rate  x 
storage  temperature  interactions  were  nonsignificant  (P>.05)  for  drip  loss 
at  this  storage  time.    This  is  some  indication  that  temperature  aouseo 
roasts  had  less  drip  loss  following  twelve  months  storage,  but  only  for  0°F 
in  24  and  96  hr  rates  (Table  199).     increases  in  storage  time  did  slightly 
increase  drip  loss  in  some  comparisons  (Tables  200,  201).  Inconsistent 
differences  in  drip  loss  uetween  initial  storage  temperatures  of  0°F  and 
-10°F  were  apparent  between  storage  times  of  nine  and  twelve  montns  ana  the 
various  freezing  rates  (Table  202). 


240 


Table  195.     Interaction  effect  of  storage  time  (nine,  twelve  months)  and 
freezing  rate  on  percent  cooking  loss  for  cooked  beef  roasts 


Freezing  Kate, 

hours  to  0°F 

Eval uati  on 
time,  months 

24 

48 

72 

96 

9 

21 

.88 

+ 

.55a 

22.18  +  .55a 

20.99  +  .55ab 

20.88 

+ 

.  bbaD 

12 

22 

.10 

+ 

.55a 

20.80  +  .55ab 

22.12  +  .5ba 

19.05 

+ 

.5bb 

ab    Any  mean  comparison  with  the  same  letters  is  not  different  (P>.0b). 
Mean  +  S.E. 
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Table  199.     Interaction  effect  of  temperature  abuse  and  rate  of  freezing 
on  percent  drip  loss  during  cooking  for  beef  roasts  followiny 
twelve  months  storage3 


Freezing  Kate, 

hours  to 

0°F 

Temperature 
abuse 

24 

48 

72 

9b 

T 

2.34 

+ 

.28 

2.53  +  .28 

2.61  + 

.28 

2.11  + 

.28 

N 

3.44 

+ 

.28 

2.33  +  .28 

2.07  + 

.28 

2.4b  + 

.28 

interaction  significant  (P<.05)  by  analysis  of  variance,  but  not  by  HSU. 
Mean  +  S.E.    T  =  temperature  abused,  N  =  not  temperature  abused. 


Table  200.    Effect  of  certain  storage  time 

comparisons  on  percent  drip  loss 
during  cooking  for  cooked  beef 
roasts 


Evaluation  Time 


Immediately  before 

Immediately  after 

f reezi  ng 

freezing,  1  day 

1  .70b 

2.00a 

6  months 

9  months 

1 .90  +  .07b 

2.12  +  .07a 

ab  Means  on  the  same  line  are  different  (P<.0b). 
Mean  +  S.E. 
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Table  201.    Effect  of  storage  time  (immediately 
following  freezing,  twelve  months) 
on  percent  drip  loss  during  cooking 
of  beef  roasts 


Evaluation  Time 


Immediately  following 

freezing,  1  day  1  2  months 

2.00a  2.48b 


ab  Difference  between  means  significant  (P<.05). 
Mean  +_  S.E.     Includes  just  +20°F  final  storage 
temperature  product. 
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General  information  regarding  evaporative  losses  is  provided  in  Table 
203.    As  expected  in  regards  to  storage  time,  evaporative  losses  decrease. 
An  interaction  involving  initial  and  final  storage  temperature  and  rate  of 
freezing  at  nine  months  storage  is  provided  in  Table  204.    No  consistent 
patterns  in  evaporative  losses  were  noted,  although  roasts  frozen  to  0°F  in 
96  hr  and  stored  at  +20°F  did  have  low  evaporative  losses. 

After  twelve  months  storage,  roasts  frozen  to  both  0°F  in  24  and  72  hr 
had  more  evaporative  loss  than  roasts  frozen  to  0°F  in  96  hr  Table  205). 
Increases  in  storage  time  produced  decreases  in  evaporative  losses  (Table 
206,  207).    Following  six  months  storage,  there  are  indications  that 
initial  storage  at  -10°F  produced  more  evaporative  losses  than  0°F  storage 
(Table  208).    Much  of  the  interaction  depicted  in  Table  209  centers  around 
the  high  evaporative  losses  for  0°F  in  24  hr  frozen  roasts  stored  initially 
at  -10°F  and  the  low  evaporative  losses  for  roasts  of  this  freezing  rate 
stored  initially  at  0°F.    Also,  final  temperature  storage  at  0°F  produced 
considerable  variability.    At  twelve  months  of  storage,  roasts  stored 
initially  at  -10°F  and  finally  at  +20°F  had  no  differences  in  evaporative 
losses  in  comparison  to  roasts  samples  right  after  freezing  (Table  210). 

The  next  several  sections  of  tables  (Tables  211-225)  contain 
information  concerning  certain  cooking  properties  that  really  shouldn't  be 
affected  in  a  logical  fashion  by  the  variables  studied  and  thus  are  more  of 
academic  interest. 

Table  226  illustrates  the  percent  cooling  loss  values  in  a  general 
context.    Values  tended  to  be  highest  (expected  to  some  aegree)  in  roasts 
sampled  prior  to  freezing.    Roasts  frozen  to  0°F  in  24  and  finally  stored 
at  -10°F  had  more  cooling  loss  than  roasts  frozen  to  0°F  in  48  hr  and 
finally  stored  at  -10°F  when  evaluations  occurred  at  six  months.    Also  at 
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Table  205.    Effect  of  freezing  rate  on  percent  evaporative  loss  during 
cooking  for  cooked  beef  roasts  following  twelve  months  of 
storage 


Freezing  Rate, 

hours  to  0°F 

24 

48 

72 

96 

20.09  +  .51a 

18.52  +  .51 ab 

19.76  +  .51a 

17.30  +  .51b 

ab    Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 


Table  206.    Effect  of  various  storage  time 

comparisons  on  percent  evaporative 
loss  in  cooking  loss  for  cooked 
beef  roasts 


Eval uati  on 

Time 

Immediately  following 
freezing,  1  day 

6  months 

24.26a 

2U.44 

Immediately  following 
freezing,  1  day 

9  months 

24.26a 

19.37 

6  months 

9  months 

2U.44  +  .36b 

19.37  +  .3bc 

•a    Due  to  recalculation,  statistical  analyses  could 
not  be  made. 

be  Differences  significant  (P<.05).    Mean  +  S.E. 


Table  207.    Effect  of  storage  time  (immediately 
following  freezing,  twelve  months) 
on  percent  evaporative  loss  during 
cooking  of  beef  roasts 


Eval uation 

Ti  me 

Immediately  following 
freezing,  1  day 

12  monthsab 

23.43 

18.93 

Immediately  following 
freezing,  1  day 

12  monthsac 

23.79 

19.36 

a0ue  to  data  recalculations, 

no  statistical 

analyses  possible. 

^Includes  just  temperature  abused  product. 

cIncludes  just  +20°F  final  storage  temperature 

product . 
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Table  212-    Effect  of  initial  storage  temperature  on  highest  internal 

temperature  obtained  following  cooking  of  beef  roasts  after  twelve 
months  storage 


Initial  storage  temperature,  °F 

-10  0 

70.79  +  .35a  69.35  +  .33b 


ab  Difference  between  means  significant  (P<.05).     Mean  +  S.E. 


988Q,  p.  17 


Table  213.     Effect  of  various  storage  time  comparisons  on  highest  internal 
temperature  obtained  in  beef  roasts  following  cooking 


Evaluation  time 


Immediately  following 
freezing,  1  day 


6  months 


74.30  +  .37a 


70.24  +  .37b 


Immediately  following 
freezing,  1  day 


9  months 


74.30  +  .47a 


70.12  +  .47b 


ab  Means  on  the  same  line  bearing  different  letters  are  different  (P<.05). 
Mean  +  S.E. 


988Q,  p.  18 
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Table  214.    Effect  of  storage  time  (immediately 
following  freezing,  twelve  months) 
on  highest  internal  temperature 
obtained  following  cooking  of  beef 
roasts 


Eval uati  on 

Time 

Immedi  ately 
f reezi  ng 

fol 1 owi  ng 
,  1  day 

12  monthsc 

74.30  + 

.48a 

70.07  +  .48b 

Immedi  ately 
f reezi  ng 

fol 1 owi  ng 
,  1  day 

12  monthsd 

73.80  + 

.44a 

69.79  +  .44b 

ab    Means  on  the  same  line  with  different  letters 

are  different  (P<.05). 
cIncludes  just  temperature  abused  product. 
^Includes  just  +20°F  final  storage  temperature 
product . 
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Table  215.     Interaction  effect  of  storage  time  (nine,  twelve  months)  and 
initial  storage  temperature  on  highest  internal  temperature 
obtained  following  cooking  of  beef  roasts 


Initial  storage  temperature,  °F 

Evaluation 

time,  months  -10  0  

9  69.94  +  .32ab  70.58  +  .35ab 

12  70.79  +  .35a  69.35  +  .32b 


ab  Any  mean  comparisons  with  the  same  letters  are  not  different  (P>.05). 
Mean  +  S.E. 


988Q,  p.  13 
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Table  217.     Effect  of  freezing  rate  on  time  (min)  required  for  cooked  beef 

roasts  to  reach  highest  internal  temperature  following  cooking  at 
various  intervals 


Freezing  rate,  hours  to  Q°F 


Evaluation 
time 

24 

48 

72  96 

Just  before 

freezing^ 

16. 

97  + 

2.09 

9.19  +  1.95 

12.5  + 

2.76 

Immediately 

following 

freezing,  1  day 

18. 

50  + 

1.85a 

12.92  +  1.3lbc 

15.27  +  l.l4ab      8.94  + 

1.14c 

abc  Means  on  the  same  line  with  different  letters  are  different  (P^.05). 


d  Differences  significant  (P<.05)  by  Analysis  of  Variance,  but  not  by  HSD. 


988Q,  p.  b 
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Table  218.    Interaction  effect  of  temperature  abuse  and  rate  of  freezing  on 
time  (min)  following  cooking  for  cooked  beef  roasts  to  reach 
their  highest  temperature,  following  twelve  months  storage 


Freezing  Rate, 

hours  to  0°F 

Temperature 
abuse 

24 

48 

72 

96 

T 

11.87  +  2.07ab 

18.5  +  2.07a 

10.37  +  2.07ab  4.87 

+  2.07b 

N 

6.87  +  2.07b 

4.5  +  2.07b 

b.62  +  2.07b  7.37 

+  2.07b 

ab    Any  mean 

comparison  with 

different  letters 

is  different  (P<.05) 

• 

Mean  +  S.E.    T  =  temperature  abused,  N  =  not  temperature  abused. 


265 


Table  219.    Effect  of  initial  storage  temperature  on  time  (min)  required  for 
cooked  beef  roasts  to  reach  their  highest  internal  temperature 
following  cooking  after  twelve  months  storage 


Initial  storage  temperature,  °F 
-10  0 


10.34  +  1.04a  7.16  +  1.04b 


ab  Difference  between  means  significant  (P<.05).    Mean  +  S.E. 


988Q,  p.  14 
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Table  220.     Effect  of  various  storage  time  comparisons  on  time  (min)  required 
for  cooked  beef  roasts  to  reach  their  highest  internal  temperature 
following  cooking 


Evaluation  time 


Immediately  following 
freezing,  1  day 


6  months 


15.07  +  1.11a 


8.06  +  1.12b 


Immediately  following 
freezing,  1  day 


9  months 


15.07  +  1.11a 


9.07  +  1.11b 


ab  Means  on  the  same  line  bearing  different  superscripts  were  different 
(P<.05).     Mean  +  S.E. 


988Q,  p.  16 


Table  221.    Effect  of  storage  time  (immediately 
following  freezing,  twelve  months) 
on  time  (min)  required  for  beef 
roasts  to  reach  their  highest 
temperature  following  cooking 


Eval uati  on 

Time 

Immediately  following 

freezing,  1  day 

12  months0 

15.01  +  1 .42a 

10.07  +  1 .42b 

Immediately  following 

freezing,  1  day 

12  monthsd 

13.91  +  1 .04a 

8.7b  +  1 .04b 

ab    Means  on  the  same  line  with  different  letters 

are  different  (P<.05).    Mean  +_  S.E. 

cIncludes  just  temperature  abused  product. 

^Includes  just  +20°F  final  storage  temperature 
product . 
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this  time  roasts  frozen  to  0°F  in  72  hr  and  finally  stored  at  0°F  and 
roasts  frozen  to  0°F  in  96  hr  and  finally  stored  at  +20°F  had  more  cooling 
loss  than  roasts  frozen  to  0°F  in  96  hr  and  finally  stored  at  0°F  (Table 
227).    For  roasts  stored  initially  at  -10°F,  the  use  of  0°F  and  +20°F  final 
storage  temperatures  reduced  cooling  losses,  while  the  opposite  was  true 
for  roasts  initially  stored  at  0°F  (Table  228)  following  six  months  of 
storage.    After  twelve  months  of  storage,  the  use  of  -10°F  initial  storage 
temperature  produced  more  cooling  loss  for  roasts  frozen  to  0°F  in  24  and 
96  hr,  compared  to  the  0°F  initial  storage  temperature.    The  opposite  was 
the  case  (although  to  a  lesser  degree)  for  the  0°F  in  48  and  72  hr  freezing 
rates  (Table  229). 

More  cooling  loss  was  found  for  roasts  stored  nine  months  than  six 
months  (Table  230).    There  was  some  indication  that  the  use  of  +20°F 
reduced  the  cooling  loss  for  0°F  in  24  and  48  hr  frozen  roasts  after  six 
months,  but  not  at  nine  months  (Table  231).    Storage  for  twelve  months 
produced  an  increase  in  cooling  loss  if  just  temperature  abused  product  was 
evaluated;  for  +20°F  stored  product,  twelve  months  storage  reduced  cooling 
losses  (Table  232).    However,  across  all  treatments  at  twelve  months, 
temperature  abuse  did  increase  cooling  losses  (Table  233).     In  comparing 
specific  initial  and  final  storage  temperature  combinations  at  twelve 
months,  only  the  use  of  -10°F  initially  and  finally  produced  a  change 
(increase)  over  the  cooling  losses  found  for  cooked  roasts  right  after 
freezing  (Table  234).    None  of  the  temperature  abuse-initial  storage 
temperature  combinations  were  significantly  (P<.05)  different  in  cooling 
loss  from  roasts  measured  right  after  freezing  (Table  235).    There  was  some 
indication  that  twelve  months  storage  produced  more  cooling  loss  than  nine 
months  storage  for  roasts  initially  stored  at  -10°F,  while  these  storage 
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Table  227.     Interaction  effect  of  final  storage  temperature  and  rate  of  freezing  on 
percent  cooling  loss  in  cooked  beef  roasts  following  six  months  storage 

 Freezing  rate,  hours  °F  

Final  storage 

temperature,  °F  24  48  72  %  

-10  5.40  +  .18a         4.27  +  .25cd      4.87  +  .18abcd    4.61  +  .18abcd 

0  5.24  +  .18abc      5.21  +  .I8abc    5.36  +  .18a         4.22  +  .18d 

+20  4.74  +  .18abcd    4.31  +  .25bcd    4.66  +  .18abcd    5.26  +  .18ab 

abed  Any  mean  comparison  with  different  letters  is  different  (P<.05)  Mean  +  S.E. 
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Table  228.  Interaction  effect  of  final  storage  temperature  and  initial 
storage  temperature  on  percent  cooling  loss  for  cooked  beef 
roasts  following  six  months  storage 


Initial  storage  temperature,  °F 


Final  storage 
temperature,  °F 

-10 

0 

-10 

5.03  + 

.12ab 

4.55 

+ 

.15bc 

0 

4.74  + 

.12abc 

5.28 

+ 

.12a 

+20 

4.22  + 

.12c 

5.27 

+ 

.15a 

abc  Any  mean  comparison  with  different  letters  is  different  (P<.05) 
Mean  +  S.E. 
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Table  229.  Interaction  effect  of  initial  storage  temperature  and  rate 
of  freezing  on  percent  cooling  loss  for  cooked  beef  roasts 
following  twelve  months  storage3 


Freezing  Rate, 

hours  to  0°F 

Initial  storage 
temperature,  °F 

24 

48 

72 

96 

-10 

5.32  + 

.23 

5.20  +  .23 

5.18  +  .28 

5.68  +  .23 

0 

4.72  + 

.23 

5.68  +  .23 

5.26  +  .23 

4.74  +  .23 

aInteraction  significant  (P<.05)  by  analysis  of  variance  but  not  by  HSL). 
Mean  +  S.E. 


277 

Table  230.     Effect  of  storage  time  (six,  nine  months)  on  percent  cooling  loss 
for  cooked  beef  roasts 


Evaluation  time,  months 
6  9 


4.83  +  .12b  5.24  +  .12a 


ab  Difference  between  roasts  significant  (P<.05).    Mean  +  S.E. 


988Q,  p.  22 
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Table  231.    Interaction  effect  of  storage  time  (six,  nine  months),  final 
storage  temperature  and  freezing  rate  on  percent  cooling 
losses  for  cooked  beef  roasts3 


Freezing  Rate,  hours  to  0°F 


Eval uation 
time,  months 

Final  storage 
temperature,  °F 

24 

48 

96 

6 

-10 

5.40 

+ 

.25 

5.03 

+ 

.36 

4.61 

+ 

.25 

0 

5.24 

T 

.25 

5.21 

+ 

.25 

4.22 

T 

.25 

20 

4.74 

T 

.25 

3.93 

T 

.36 

5.62 

+ 

.25 

9 

-10 

5.36 

+ 

.25 

4.86 

+ 

.25 

4.86 

+ 

.25 

0 

5.23 

T 

.25 

4.92 

T 

.25 

4.92 

T 

.25 

20 

5.31 

T 

.25 

5.17 

T 

.25 

4.86 

T 

.2b 

interaction  significant  (P<.05)  by  analysis  of  variance,  but  not  by  HSU. 
Mean  +  S.E. 


Table  232.    Effect  of  storage  time  (immediately 
following  freezing,  twelve  months) 
on  percent  cooling  loss  following 
cooking  of  beef  roasts 


Evaluation  Time 

Immediately  after 

freezing,  1  day 

1 2  months0 

4.88  +  .15b 

5.22  +  .15a 

Immediately  after 

12  monthsd 

freezing,  1  day 

4.92  +  .08a 

4.70  +  .08b 

ab  Means  on  the  same  line  with  different  letters  are 

different  (P<.05).    Mean  +  S.E. 
cIncludes  just  temperature  abused  product. 
dIncludes  just  +20°F  final  temperature  stored  product. 
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Table  233.    Effect  of  temperature  abuse  on  percent  cooling  loss  for  cooked 
beef  roasts  following  twelve  months  storage 


Temperature  abuse 
T  N 


5.09  +  .18a  4.36  +  .16b 


ab  Difference  between  means  significant  (P<.05).    Mean  +  S.E. 

T  =  temperature  abused,  N  ■  not  temperature  abused.  Includes  only  +20 °F 
final  storage  temperature. 


988Q,  p.  21 
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time  differences  for  0°F  initial  storage  temperature  were  not  different 
(Table  236). 

The  following  series  of  tables  provide  data  on  percent  drip  and 
evaporative  losse's  and  only  select,  interesting  differences  will  be 
discussed.    There  were  indications  immediately  before  and  after  freezing 
and  also  following  nine  months  storage  that  the  0°F  in  96  hr  rate  had  less 
drip  loss  during  cooling  than  some  of  the  faster  freezing  rates  (Table 
238).    This  rate  effect  at  twelve  months  was  somewhat  initial  storage 
temperature  dependent  with  the  lower  drip  loss  for  0°F  in  96  hr  frozen 
roasts  only  apparent  for  roasts  stored  at  0°F  initially  (Table  241). 
Freezing  in  itself  reduced  the  percent  drip  in  cooling  (Table  243). 

As  might  be  expected,  the  percent  evaporative  losses  were  higher  for 
0°F  in  96  hr  frozen  roasts  at  certain  times  than  the  faster  rates  of 
freezing  (Table  248).    At  six  months  of  storage,  -10°F  initial  storage 
temperature  produced  more  evaporative  loss  during  cooling  for  roasts 
ultimately  stored  at  -10°F  compared  to  the  other  two  temperatures;  the 
exact  opposite  was  found  for  the  0°F  initial  storage  temperature  (Table 
249).    The  -10°F  initial  temperature  generated  an  increase  in  evaporative 
loss  between  six  and  nine  months  (Table  253).     In  comparing  evaporative 
loss  differences  between  roasts  evaluated  immediately  following  freezing  vs 
those  evaluated  at  twelve  months,  the  same,  but  opposite  situations  to  drip 
loss  occurred  (Table  256).    For  temperature  abused  roasts,  twelve  months 
storage  produced  an  increase  in  evaporative  loss,  while  for  +20°F  final 
storage  temperature,  twelve  months  storage  resulted  in  a  decrease  in 
evaporative  loss.    At  twelve  months  the  0°F  in  96  hr  freezing  rate 
generated  more  evaporative  loss  than  the  0°F  in  24  hr  freezing  rate  for 
roasts  initially  stored  at  -10°F  (Table  259).    Such  freezing  rate 
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Table  236.     Interaction  effect  of  storage  time  (nine,  twelve  months)  and 
initial  storage  temperature  on  percent  cooling  loss  following 
cooking  of  beef  roasts3 


Initial  storage  temperature,  °F 

Evaluation 

time,  months  -10  0 

9  4.96  +  .12  5.14  +  .12 

12  5.40  +  .12  5.05  +  .12 


interaction  effect  significant  by  analysis  of  variance  but  not  by  HSD. 
Mean  +  S.E  does  not  include  0°F  in  72  hr  freezing  rate  product. 


988Q,  p.  11 
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Table  238.    Effect  of  freezing  rate  on  percent  drip  loss  during  cooling  for 
cooked  beef  roasts  following  various  storage  times 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time  24    48  72  96 


Just  before 
freezing 

1.64 

+ 

.21ab 

2.33 

+ 

.30a 

1.45 

+ 

.21ab 

1 

.20 

+ 

.21b 

Immediately 
following 
freezing,  1  day 

1.35 

+ 

.13a 

1.49 

+ 

.13a 

1.54 

+ 

.13a 

0 

.60 

+ 

.13b 

9  months0 

1.76 

+ 

,13a 

1.32 

+ 

.13ab 

1 

.13 

+ 

.13b 

9  months^ 

1.71 

+ 

.15ab 

1.38 

+ 

.15ab 

1.95 

+ 

.18a 

1 

.13 

+ 

.15b 

ab  Means  on  the  same  line  with  different  superscripts  are  different 
(P<.05).     Mean  +  S.E. 


c  Does  not  include  0°F  in  72  hr  freezing  rate. 

d  Includes  only  0°F  and  +20°F  final  storage  temperatures. 
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Table  239.     Interaction  effect  of  final  storage  temperature  and  rate  of 
freezing  on  percent  drip  loss  during  cooling  for  cooked  beef 
roasts  following  six  months  storage 


Freezing  rate,  hours  °F 


Final  storage 

temperature,  °F  24  48  72  96 


-10 

1.76 

+ 

.20ab 

0 

91 

+ 

.28b 

1 

,38 

+ 

.20ab 

.094 

+ 

.20b 

0 

1.47 

+ 

.20ab 

2 

19 

+ 

.20a 

1. 

79 

+ 

.20ab 

0.74 

+ 

.20b 

+20 

1.28 

+ 

.20ab 

1. 

11 

+ 

.28ab 

1 

27 

+ 

.20ab 

1.36 

+ 

.20ab 

ab  Any  mean  comparison  bearing  the  same  letters  is  not  different 
(P>.05)  Mean  +  S.E. 
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Table  240.  Interaction  effect  of  final  storage  temperature  and  initial 
storage  temperature  on  percent  drip  loss  during  cooling  for 
cooked  beef  roasts  following  six  months  storage3 


Initial  storage  temperature,  °F 

Final  storage 

temperature,  °F  -10  0  


-10 

1.46 

+ 

.14 

1.04 

+ 

.17 

0 

1.51 

+ 

.14 

1.58 

+ 

.14 

+20 

0.96 

+ 

.4 

1.55 

+ 

.17 

a  Interaction  effect  significant  (P<.05)  by  analysis  of  variance,  but 
not  by  HSD.     Mean  +  S.E. 
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Table  241.  Interaction  effect  of  initial  storage  temperature  and  rate 
of  freezing  on  percent  drip  during  cooling  for  cooked  beef 
roasts  following  twelve  months  storage 


Freezing  Rate, 

hours  to  0°F 

Initial  storage 
temperature,  °F 

24 

48 

72 

96 

-10 

2.07  + 

.15a 

1 .36  +  .15ab 

1 .08  +  .18b 

1  .68  _+  .1  5ab 

0 

1 .40  + 

.1  5ab 

2.09  +  .15a 

1  .24  +  .15b 

1 .08  +  .1 5b 

ab    Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E. 
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Table  242 .    Effect  of  temperature  abuse  on  percent  drip  loss  during  cooling 
for  cooked  beef  roasts  following  twelve  months  storage 


Temperature  abuse 
T  N 


1.37  +  .11a  .95  +  .10b 


ab  Difference  between  means  significant  (P<.05).     Mean  +  S.E. 

T  =  temperature  abused,  N  =  not  temperature  abused.  Includes  only  +20°F 
final  storage  temperature. 
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Table  243.     Effect  of  storage  time  (just  before  and  after  freezing)  on  percent 
drip  loss  during  cooling  for  cooked  beef  roasts 


Evaluation  time 


Immediately  following 
Before  freezing  freezing,  1  day 

1.65  +  .11a  1.24  +  .09b 


ab  Difference  between  means  significant  (P<.05).    Mean  +  S.E. 
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Table  244.    Interaction  effect  of  storages  time  (nine,  twelve  months),  initial  storage 
temperature  and  freezing  rate  on  percent  drip  loss  days  loss  during  cooling 
of  cooked  beef  roasts 


Evaluation 
time,  months 

Initial  storage 
temperature,  °F 

Freezing  rate,  hours  to  0°F 

24 

48 

72 

96 

9 

-10 

1.56  + 

,21abc 

1.27  +  .21c 

1.84  +  .30abc 

1. 

16  + 

.21c 

0 

1.87  + 

.21abc 

1.50  +  .21abc 

2.30  +  .21ab 

1. 

11  + 

.21c 

12 

-10 

1.79  + 

.21abc 

1.22  +  .21c 

.90  +  .30c 

1. 

62  + 

.21abc 

0 

1.37  + 

.21bc 

2.48  +  .21a 

1.18  +  .21c 

1. 

11  + 

.21c 

abc  Any  mean  comparison  with  the  same  letters  is  not  different  (P>,05).    Mean  +  S.E. 


988Q,  p.  7 
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Table  245.  Interaction  effect  of  storage  time  (nine,  twelve  months),  initial 
storage  temperature  and  freezing  rate  on  percent  drip  loss  during 
cooling  for  cooked  beef  roasts 


Freezing  rate,  hours  to  0°F 


Evaluation        Initial  storage 

time,  months    temperature,  °F  24  48  96 


9 

-10 

1.72 

+ 

.17abc 

1.21 

+ 

,17abc 

1.16 

+ 

.17bc 

0 

1.79 

+ 

.17abc 

1.44 

+ 

.17abc 

1.10 

+ 

.17c 

12 

-10 

2.07 

+ 

.17ab 

1.36 

+ 

.17abc 

1.68 

+ 

. 17abc 

0 

1.40 

+ 

•17abc 

2.09 

+ 

.17a 

1.08 

+ 

.17c 

abc  Any  mean  comparisons  with  different  letters  are  not  different  (P<.05). 
Mean  +  S.E. 
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Table  246.  Interaction  effect  of  storage  time  (nine,  twelve  months), 
initial  storage  temperature  and  final  storage  temperature 
on  percent  drip  loss  during  cooling  for  beef  roasts3 


Final  Storage  Temperature,  °F 


Evaluation 
time,  months 

Initial  storage 
temperature,  °F 

-10 

0 

+20 

9 

-10 

2. 

06 

+ 

.20 

2. 

14 

+ 

.20 

2. 

08 

+ 

.20 

0 

2. 

33 

T 

.20 

1 

.73 

T 

.20 

2 

.37 

T 

.20 

12 

-10 

2. 

07 

+ 

.20 

1  , 

,76 

+ 

.20 

2. 

41 

+ 

.20 

0 

1. 

73 

T 

.20 

2 

.24 

T 

.20 

2 

.38 

T 

.20 

interaction  effect  significant  (P<.05)  by  analysis  of  variance,  but  not 
by  HSD.    Mean  +  S.E. 
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Table  248.     Effect  of  freezing  rate  on  percent  evaporative  loss  during  cooling 
of  cooked  beef  roasts  following  various  storage  periods 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time  24  48  72  96 


Immediately 
following 

freezing,  1  day  3.71  +  .lib        3.11  +  .lib  3.59  +    .lib        4.21  +  .12a 

12  months  3.28  +  .086b      3.72  +  .086a  4.09  +  0.86a        3.83  +  .086a 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 
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Table  249.     Interaction  effect  of  final  storage  temperature  and  initial 
storage  temperature  on  percent  evaporative  loss  during 
cooling  for  cooked  beef  roasts  following  six  months  storage 


Initial  storage  temperature,  F 

Final  storage 


temperature,  °F  -10  0 


-10 

3.57 

+ 

.09b 

3.51 

+ 

.lib 

0 

3.23 

+ 

.09c 

3.69 

+ 

.09a 

+20 

3.26 

+ 

.09c 

3.71 

+ 

.11a 

abc  Any  mean  comparison  with  different  letters  is  different  (P<.05) 
Mean  +  S.E. 
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Table  250.     Interaction  effect  of  initial  storage  temperature  and 
rate  of  freezing  on  percent  evaporative  loss  for 
cooked  beef  roasts  during  cooling  following  nine 
months  storage3 


 Freezing  rate,  hours  to  °F  

Initial  storage 

temperature,  °F  24  48  96 

-10  3.67  +  .1  2  3. 39  +.1  2  3. 73  +.1  2 

0  3.4    +  .12  3.93  +  .12  3.76  +  .1  2 


interaction  significant  (P<.05)  by  analysis  of  variance, 
but  not  by  HSD.    Mean  +  S.E. 
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Table  251.    Interaction  effect  of  storage  time  (six,  nine  months) 
and  rate  of  freezing  on  percent  evaporative  loss 
during  cooling  for  cooked  beef  roasts 


Freezi  ng 

rate,  hours 

to  °F 

Eval uation 
time,  months 

24 

48 

96 

6 

3. 

62 

+  .074a  3. 

27  +  .095b 

3.68 

+  .074a 

9 

3. 

54 

+  .074ab  3. 

66  +  .074a 

3.7b 

+  .074a 

ab    Any  mean  comparison  with  the  same  letter  is  not  different 
(P>.05).    Mean  +  S.E. 


Table  252.    Interaction  effect  of  storage  time  (six, 
nine  months)  and  initial  storage 
temperature  on  percent  evaporative  loss 
during  cooling  for  cooked  beef  roasts 


Initial 

Storage 

Temperature,  °F 

Eval uation 

time,  months 

-10 

0 

6 

3.32  + 

.060b 

3.73  +  .072a 

9 

3.60  + 

.060a 

3.70  +  .060a 

ab    Any  mean  comparison  with  the  same  letter  is  not 
different  (P>.05).    Mean  _+  S.E.    Includes  only 
24,  48  and  96  hr  freezing  rates. 


Table  253.    Interaction  effect  of  storage  time 
(six,  nine  months)  and  initial 
storage  temperature  on  percent 
evaporative  loss  during  cooling 


of 

cooked  beef 

roasts 

Ini  ti  al 

storage 

temperature,  °F 

Eval uation 
time,  months 

-10 

0 

6 

3.24  +  . 

072b 

3.70  +  .080a 

9 

3.58  +  . 

080a 

3.68  +  .072a 

ab    Any  mean  comparison  with  the  same  letter  is 
not  different  (P>.05);  Mean  +  S.E. 
Includes  only  0  and  +20°F  final  storage 
temperatures . 


I 


1 
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Table  254.     Effect  of  storage  time  (immediately  following  freezing,  nine 

months)  on  percent  evaporative  loss  during  cooling  of  cooked  beef 
roasts 


Evaluation  time 


Immediately  after 

freezing,  1  day 

9  months 

3.60  +  .10b 

3.65  +  .10a 

ab  Difference  between  means  significant  (P<.05).     Mean  +  S.E. 


988Q,  p.  2 
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Table  255.     Interaction  effect  of  storage  time  (immediately  following  freezing, 
nine  months),  initial  storage  temperature,  final  storage 
temperature  and  freezing  rate  on  percent  evaporative  loss  during 
cooling  of  cooked  beef  roastsa 


Evaluation    Initial  storage    Final  storage 
time  temperature,  °F    temperature,  °F 


Freezing  rate,  hours  to  0°F 


24 


48 


96 


Immediately  after 
freezing,  1  day 

9  months  -10 


3.69 

+ 

.15 

3.04 

+ 

.15 

4.06 

+ 

.15 

-10 

3.77 

+ 

.26 

4.19 

+ 

.26 

3.67 

+ 

.26 

0 

3.87 

+ 

.26 

3.14 

+ 

.26 

3.44 

+ 

.26 

+20 

3.72 

+ 

.26 

3.63 

+ 

.26 

3.80 

+ 

.26 

-10 

3.25 

+ 

.26 

3.67 

+ 

.26 

3.79 

+ 

.26 

0 

3.28 

+ 

.26 

3.85 

+ 

.26 

4.02 

+ 

.26 

+20 

3.34 

+ 

.26 

3.45 

+ 

.26 

3.76 

+ 

.26 

interaction  effect  significant  (P<.05)  by  analysis  of  variance,  but 
not  by  HSD.    Mean  +  S.E. 


Table  256.    Effect  of  storage  time  (immediately 
following  freezing,  twelve  months) 
on  percent  evaporative  loss  during 
cooling  of  cooked  beef  roasts 


Eval uati  on 

Ti  me 

Immediately  following 

freezing,  1  day 

12  months0 

3.59b  +  .09b 

3.72  +  .Oya 

Immediately  following 

freezing,  1  day 

1 2  months^ 

3.6U  +  .09a 

3.5b  +  .U9b 

ab    Means  on  the  same  line  with  different  letters 

are  different  (P<.05).  Mean  _+  S.E. 

cIncludes  just  temperature  abused  product, 

includes  just  +20°F  final  storage  temperature 
product . 
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Table  259.     Interaction  effect  of  storage  time  (nine,  twelve  months),  initial 
storage  temperature  and  freezing  rate  on  evaporative  loss  during 
cooling  of  cooked  beef  roasts 


 Freezing  rate,  hours  to  0°F 

Evaluation        Initial  storage 


time,  months    temperature,  °F  24  48  96 


9' 

-10 

3.67 

+ 

.lOabcd 

3.39 

+ 

.10cd 

3.73 

+ 

.lOabcd 

12 

3.24 

+ 

.10d 

3.85 

+ 

.lOabc 

4.00 

+ 

.10a 

9 

0 

3.40 

+ 

.lObcd 

3.92 

+ 

.10ab 

3.76 

+ 

.lOabcd 

12 

3.32 

+ 

.lOd 

3.59 

+ 

.lOabcd 

3.65 

+ 

.lOabcd 

abed  Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05). 
Mean  +  S.E. 
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differences  were  not  found  at  nine  months  or  with  the  use  of  0°F  initial 
temperature.    Tables  260-266  present  information  regarding  the  time 
required  to  drop  to  50°C  in  cooling  and  thus  are  largely  of  acaaemic 
interest . 

General  information  pertaining  to  percent  moisture  in  raw  beef  roasts 
is  shown  in  Table  267.    As  would  be  expected,  advances  in  storage  time  and 
the  use  of  +20°F  final  storage  temperature  both  reduced  moisture  percent. 
There  was  some  indication  (although  not  significant  oy  HSD)  tnat 
immediately  following  freezing,  faster  freezing  rates  produced  less 
moisture  in  the  roasts  (Table  268).    Following  twelve  months  of  storage, 
+20°F  final  storage  temperature  produced  lower  moisture  percentages  than 
-10  ana  0°F  (Table  269).    Also,  at  twelve  months  storage,  temperature  abuse 
produced  less  moisture  in  the  product  than  not  abusing  the  product  (Table 
270).    As  expected,  increases  in  storage  time  produced  a  reduction  in 
moisture  level,  in  the  roasts  (Table  271).    However,  in  specific 
i n i t i a  1 -f i nal  temperature  combination  comparisons  at  six,  nine  ano  twelve 
months,  many  were  not  lower  in  moisture  than  that  observed  immediately 
following  freezing  (Table  272).    Although  not  significant  (P>.05),  twelve 
months  of  storage  produced  an  increase  in  moisture  percent  only  for  roasts 
frozen  to  0°F  in  24  hr  (Table  273).    Final  storage  at  0°F  produced  more 
moisture  in  roasts  than  +20°F  storage  following  twelve  months,  but  not  at 
nine  months  (Table  274).     Following  twelve  months  storage,  in  evaluating 
various  combinations  of  temperature  abused  and  initial  storage  temperature, 
all  combinations  had  less  moisture  in  roasts  than  the  use  of  10°F  with  no 
abuse  (Table  275). 
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Table  262.    Effect  of  final  storage  temperature  on  time  (min)  required  during 
cooling  of  cooked  beef  roasts  to  reach  50°Ca  following  twelve 
months  storage 


 Final  storage  temperature,  °F  

-10  0  20 

53.22  +  2.88  53.14  +  2.45  61.84  +  2.45 


aDifference  significant  (P<.05)  by  analysis  of  variance,  but  not  by  HSD. 
Mean  +  S.E. 
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Table  263.     Effect  of  initial  storage  temperature  on  time  (min)  required  in 

cooling  cooked  beef  roasts  to  50 °C  following  twelve  months  storage 


Initial  storage  temperature,  °F 
-10  0 


59.44  +  1.80a  53.82  +  1.80b 


ab  Difference  between  means  significant  (P<.05).    Mean  +  S.E, 


* 


988Q,  p.  12 
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Table  264.     Interaction  effect  of  temperature  abuse  and  rate  of  freezing 
on  time  (min)  following  cooking  to  reach  5U°F  for  cooked 
roasts  following  twelve  months  storage 


Freezi  ng 

Rate, 

hours  to 

0°F 

Temperature 
abuse 

24 

48 

72 

96 

T 

57 

.12 

+  3. 

59ab 

73.77  +  3. 

59a 

56.2  +  3. 

59ab 

60. 

25 

+  3. 

59ab 

N 

51 

.32 

+  3. 

59b 

49.12  +  3. 

59b 

54.5  +  3. 

59b 

50. 

75 

+  3. 

b9b 

ab  Any  mean  comparison  with  different  letters  is  different  (P<.U5). 
Mean  +_  S.E.  T  =  temperature  abused,  N  =  not  temperature  abused. 
Includes  only  +20°F  final  storage. 
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Table  265.  Interaction  effect  of  storage  time  (nine,  twelve  months)  and 
initial  storage  temperature  on  time  required  for  cooked  beef 
roasts  to  reach  50°F  following  cooking 


Initial  storage  temperature,  °F 

Evaluation 

time,  months  -10  0  

9  50.95  +  1.45b  55.33  +  1.57ab 

12  58.22  +  1.57a  54.70  +  1.57ab 


ab  Any  mean  comparison  with  the  same  letter  is  not  different  (P>.05). 
Mean  +  S.E. 


988Q,  p.  10 


315 


Table  266.     Interaction  effect  of  storage  time  (nine,  twelve  months)  and  final 
storage  temperature  on  time  required  to  reach  50°F  following 
cooking  of  beef  roasts 


 Final  storage  temperature,  °F 

Evaluation 

time  -10  0  +20 


9  49.07  +  1.78b         55.3    +  1.78ab        55.01  +  2.00ab 

12  54.39  +  2.18ab        53.14  +  1.78ab        61.84  +  1.78a 


ab  Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05). 
Mean  +  S.E. 


988Q,  p.  9 
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Table  268.    Effect  of  freezing  rate  on  percent  moisture  in 
raw  beef  roasts  immediately  following  freezing3 


Freezing  rate, 

hours  to  0°F 

24 

48 

72 

96 

72.52  +  .4 

72.92  +  .4 

73.59  +  .4 

74.04  +  .4 

difference  due  to  freezing  rate  significant  (P<.05)  by 
analysis  of  variance,  but  not  by  HSD. 


Table  269.    Effect  of  final  storage  temperature  on 
percent  moisture  in  raw  beef  roasts 
following  twelve  months  storage 


Final  storage  temperature,  °F 


-10 

0 

20 

71 

.83  +  .28a 

72 

.35  + 

.28a 

70.27  +  .28b 

ab 

Means  on  the 

same 

1  i  ne 

with 

different  letters 

are  different 

(P< 

.05); 

Mean 

+  S.E. 

Table  270.    Effect  of  temperature  abuse  on 
percent  moisture  in  raw  beef 
roasts  following  twelve  months 
storage 


Temperature  Abuse 


70.27  +  .36b       71.46  +  .36a 


ab    Difference  between  means  significant 
(P<.05).    Mean  _+  S.E.    T  =  temperature 
abused,  N  =  not  temperature  abused. 
Includes  only  +20°F  final  temperature 
stored  product. 





Table  271.    Effect  of  various  storage  time 
comparisons  on  percent  moisture 
in  raw  beef  roasts 


Eval uati  on 

Time 

Immediately  following 
freezing,  1  day 

6  months 

73.06  +  .35a 

71  .63  +  .35b 

Immediately  following 
freezing,  1  day 

9  months 

73.06  +  .42a 

71 .5    +  .42b 

Immediately  following 
freezing,  1  dayc 

12  months0 

73.06  +  .32a 

71 .48  +  .32b 

Immediately  following 
freezing,  1  day^ 

12  monthsd 

73.26  +  .23a 

70.9    +  .23b 

ab    Differences  between  means  on  the 
same  line  are  significant  (P<.05); 
Mean  +  S.E. 


cIncludes  only  temperature  abused 
product  at  twelve  months. 

includes  only  +20°F  final 
storage  temperature  product  at 
twelve  months. 
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Table  273.    Interaction  effect  of  storage  time  (nine,  twelve  months)  and  rate 
of  freezing  on  percent  moisture  in  raw  beef  roasts3 


Evaluation 
Time,  months 

Freezing  rate, 

hours  to  U°F 

24 

48 

72 

96 

9 

70.96  + 

.43 

72.3    +  .43 

71  .45  +  .43 

71 .28  + 

.43 

12 

72.23  + 

.43 

71  .73  +  .43 

70.33  +  .43 

71 .64  + 

.43 

interaction  significant  (P<.05)  by  analysis  of  variance,  but  not  by  HSD. 
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Table  274.    Interaction  effect  of  storage  time  (nine,  twelve  months) 
and  final  storage  temperature  on  percent  moisture  in 
raw  beef  roasts 


Final 

storage  temperature 

,  °F 

Eval uation 
Time,  months 

-10 

0 

20 

9 

71.93 

+  .37a 

71 .31  +  .37ab 

71  .24 

+  .37ab 

12 

71 .83 

+  .37ab 

72.35  +  .37a 

70.27 

+  .37b 

ab    Any  mean  comparisons  with  the  same  letters  are  not  different 
(P>.05);  Mean  +  S.E. 
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Table  275.    Effect  of  storage  time  (immediately  following  freezing,  twelve  months) 
on  percent  moisture  in  raw  beef  roasts 


 12  Months  Storage   

Immediately       Temperature  Abuse  =  J_    _N  

following 

freezing,         Initial  storage 
1  day  temperature,  °F  =    -10  0  -10  0 

73.26  +  .24a  70.76  +  .62b      70.18  +  .62b  71.55  +  .62ab      70.96  +  .62b 


ab    Means  on  the  same  line  with  different  letters  are  different  (P<.0b).    Mean  +_  S.E. 
T  =  temperature  abused,  N  =  not  temperature  abused. 
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As  expected,  the  opposite  situation  to  percent  moisture  was  noted  for 
percent  fat  (Table  276)  where  the  use  of  storage  at  +20°F  final  storage 
elevated  the  percent  fat  in  raw  roasts.    However,  freezing  in  itself 
produced  reductions  in  fat  level  for  all  rates  except  0°F  in  24  hr; 
however,  this  difference  was  only  significant  for  the  0°F  in  72  hr  rate 
(Table  277).    After  twelve  months  of  storage,  roasts  stored  finally  at 
+20°F  had  higher  fat  percentages  than  roasts  stored  at  0°F  (Table  278). 
Fat  values  went  down  as  a  result  of  freezing,  but  rose  with  twelve  months 
of  storage  (Table  279) . 

General  values  for  percent  moisture  in  cooked  roasts  are  shown  in 
Table  280.    Consistent  patterns  and  trends  do  not  appear  evioent  except  for 
the  more  elevated  values  for  roasts  held  at  0°F  final  temperature  after 
twelve  months  storaqe  regaraless  of  freezing  rate.    Freezing  rate  aid  not 
affect  cooked  roast  moisture  values  following  six  months  storage,  except 
when  adjustments  were  made  to  account  for  differences  before  freezing. 
Then  roasts  frozen  to  0°F  in  96  hr  haa  more  moisture  in  cooked  roasts  than 
roasts  frozen  to  0°F  in  48  hr  (Table  281).     At  twelve  months  of  storaqe, 
for  roasts  initially  stored  at  -10°F,  those  finally  held  at  0°F  had  more 
moisture  than  those  stored  at  -10°F  (Table  282).    Freezing  in  itself 
significantly  (P<.05)  reduced  moisture  in  cooked  roasts  only  for  those 
frozen  to  0°F  in  24  hr  (Table  283).     Following  twelve  months  of  storage, 
temperature  abuse  seemed  to  elevate  moisture  in  cooked  roasts  for  all  rates 
but  0°F  in  96  hr  (Table  284). 

Both  six  and  twelve  months  of  storage  produced  increases  in  percent 
moisture  in  cooked  roasts  (Table  285).  Also,  twelve-month-stored  roasts 
had  more  than  nine-month-stored  roasts  (Table  286).     In  comparing  the 
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Table  277.     Interaction  effect  of  storage  time  (immediately  before  freezing, 
immediately  following  freezing)  and  rate  of  freezing  on  percent 
fat  in  raw  beef  roasts 


 Freezing  rate,  hours  to  0°F  

Eval uation 

Time  24  48  72  96 


Before  freezing  4.39  +  .4ab         5.65  +  .4a         4.81  +  ,4a         3.63  +  .4b 

Immediately  following 

freezing,  1  day  5.04  +  .4a  3.97  +  .4ab       3.66  +  .4b         2.86  +  .4b 


ab    Any  mean  comparison  with  different  letters  is  different  (P<.05);  Mean  +  S.E. 


Table  278.    Effect  of  final  storage  temperature  on 

percent  fat  in  raw  beef  roasts  following 
twelve  months  storage 


Final  storage  temperature,  °F 


-10 

0 

20 

4.28  +  .35ab 

3.88  + 

.35b 

5.40  +  .35a 

ab    Means  on  the 
are  different 

same  line 
(P<.05); 

with 
Mean 

different  letters 
+  S.E. 
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Table  279.    Effect  of  various  storage  time 
comparisons  on  percent  fat  in 
raw  beef  roasts 


 Evaluation  Time  

Immediately  following 
Before  freezing  freezing,  1  day 

4.62  +  .20a  3.88  +  .20b 


Immediately  following 

freezing,  1  day  12  months 

3.88  +  .29b  4.88  +  .29a 


ab    Difference  between  means  significant 
(P<.05) ;  Mean  +  S.E. 
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Table  280.  General  table  illustrating  the  percent  moisture  ln  cooked  beef 
roasts  throughout  storage  times  and  according  to  final  storage 
temperature  and  rate  of  freezing  -  no  statistical  analysisa 


Evaluation  Final  storage   Freezing  rate,  hours  to  0°  F 


time  temperature,  °F  24   48  72  96 


Before  freezing 

64.91 

+ 

1.76 

61.2 

+ 

3.25 

63.33 

+ 

1 

.39 

63 

.62 

+ 

1 

.68 

Immediately  after 

Ol  .00 

+ 

1 .  Z 

62  .02 

+ 

1.46 

62 .26 

+ 

1 

.34 

60 

.53 

+ 

2 

.68 

freezing,  1  day 

A    m  ah  t"  n  c 

—1  OT 
1U  J. 

«L   9  7 

T 

Z .  jy 

0±  .ZD 

i 

+ 

I.Uj 

+ 

1 

.  j6 

c  /. 
OH 

c  o 
.  5  J 

+ 

1 

.  /  / 

OT 

63.91 

+ 

1.67 

61.55 

+ 

2.08 

62.21 

+ 

1 

.83 

64 

.71 

+ 

1 

.03 

20T 

62.89 

+ 

1.86 

60.56 

+ 

2.04 

64.03 

+ 

2 

.59 

62 

.78 

+ 

2 

.11 

9  months 

-10T 

58.47 

+ 

.91 

61.46 

+ 

2.11 

61.7 

+ 

.60 

62 

.9 

+ 

2 

.45 

OT 

60.83 

+ 

1.6  ■ 

61.61 

+ 

2.23 

63.65 

+ 

3 

.63 

63 

.64 

+ 

2 

.47 

20T 

60.15 

+ 

1.04 

60.15 

+ 

1.67 

61.51 

+ 

2 

.63 

61 

.97 

+ 

2 

.31 

12  months 

-10T 

62.91 

+ 

1.72 

64.93 

+ 

1.65 

61.52 

+ 

1 

.99 

62 

.41 

+ 

1 

.73 

OT 

63.08 

+ 

2.03 

65.0 

+ 

.90 

64.52 

+ 

1 

.17 

65 

.19 

+ 

1 

.64 

20T 

62.0 

+ 

1.18 

63.13 

+ 

.34 

63.38 

+ 

2 

.61 

60 

.99 

+ 

2 

.83 

20N 

61.32 

+ 

.89 

59.78 

+ 

1.59 

60.93 

+ 

1 

.11 

62 

.93 

+ 

1 

.74 

aMean  +  S.D.     T  =  Temperature  abused;  N  =  not  temperature  abused. 
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Table  281.     Effect  of  freezing  on  percent  moisture  in  cooked  beef  roasts 

following  six  months  storage  -  data  adjusted  for  differences  prior 
to  freezing 


 Freezing  rate,  hours  to  0°F  

24  48  72  96 


63.46  +  .55ab      61.42  +  .55b      62.74  +  .55ab      63.95  +  .55a 


ab  Means  on  the  same  line  with  the  same  letters  are  not  different  (P>.05). 
Mean  +  S.E. 


1048Q,  p.  9 


332 

Table  282.     Interaction  effect  of  final  storage  temperature  and 
initial  storage  temperature  on  percent  moisture  in 
cooked  beef  roasts  following  twelve  months  of 
storage 


Initial  storage  temperature,  °F 


Final  storage 
temperature,  °F 

-10 

0 

-10 

62.15  + 

.63b 

63.74 

+ 

.63ab 

0 

65.33  + 

.  63a 

63.57 

+ 

.63ab 

20 

63.06  + 

.  63ab 

61.69 

+ 

.63b 

ab  Any  mean  comparisons  with  the  same  letter  are  not  different. 
Mean  +  S.E. 
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Table  283.     Interaction  effect  of  storage  time  (before  freezing,  immediately 
following  freezing)  and  rate  of  freezing  on  percent  moisture  in 
cooked  beef  roasts 


Evaluation   Freezing  rate,  hours  to  0°F  

time  24  48  72  96  

Before  freezing  64.91  +  .68a    61.20  +  .68b      63.33  +  .68ab    63.62  +  .68ab 

Immediately  after      61.66  +  .68b    62.02  +  .68ab    62.26  +  .68ab    60.53  +  .68b 
freezing,  1  day 


ab  Any  mean  comparison  with  the  same  letter  is  not  different 
(P>.05).     Mean  +  S.E. 
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Table  284.     Interaction  effect  of  temperature  abuse  and  rate  of  freezing  on 
percent  moisture  in  cooked  beef  roasts  following  twelve  months 
storage3 


 Freezing  rate,  hours  to  0°  F  

Temperature 

abuse  24  48  72  96 


T  62.00  +  .90       63.13  +  .90       63.38  +  .90        60.99  +  .90 

N  61.32  +  .90        59.78  +  .90        60.93  +  .90        62.93  +  .90 


Interaction  significant  (P<.05)  by  Analyses  of  Variance,  but  not  by  HSD. 
Mean  +  S.E.     Includes  only  +20°F  final  storage  temperature. 


1087Q,  p.  1 
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Table  285.     Effect  of  various  storage  time  comparisons  on  percent  moisture  in 
cooked  beef  roasts 


Evaluation  time 


Immediately  following 

freezing,  1  day  6  months 

61.61  +  .52a  62.93  +  .52b 

Immediately  following 

freezing,  1  day  12  months 

61.81  +  .56a  63.45  +  .56b 


ab  Difference  between  means  significant  (P<.05).     Mean  +  S.E. 


1087Q,  p.  5 


Table  286.     Effect  storage  time  on  percent  moisture  in  cooked  beef  roasts 


Evaluation  time,  months 


9  12 


62.43  +  .55b      64.45  +  .55a 


ab  Difference  between  means  significant  (P<.05).     Mean  +  S.E. 
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various  storage  temperature  combinations  at  twelve  months,  only  roasts 
stored  initially  at  -10°F  and  finally  at  0°F  resulted  in  more  moisture  than 
that  found  immediately  following  freezing  (Table  287).    Only  the  0°F  in  48 
hr  freezing  rate  created  an  increase  in  percent  moisture  in  cooked  roasts 
between  nine  and  twelve  months  of  storage  (Table  288).    Adjusting  for 
differences  prefreezing  still  produced  this  difference,  but  also  roasts 
frozen  to  0°F  in  72  hr  had  less  cooked  moisture  at  nine  months  than  roasts 
frozen  to  0°F  in  48  hr  and  evaluated  at  twelve  months  (Table  289).  Within 
the  -10°F  initial  storage  temperature,  roasts  finally  stored  at  -20°F  ana 
evaluated  at  nine  months  possessed  less  water  in  cooked  roasts  than  roasts 
stored  twelve  months  and  finally  stored  at  0°F  (Table  290). 

Percent  fat  values  for  cooked  roasts  tended  to  be  erratic  in  regards 
to  the  project  design  variables,  but  were  somewhat  higher  at  nine  and 
twelve  months  storage  for  roasts  frozen  to  0°F  in  24  hr  (Table  291). 
Before  freezing,  roasts  selected  for  the  0°F  in  48  hr  rate  had  more  fat  in 
cooked  roasts  than  those  selected  for  the  0°F  in  24  hr  rate;  the  opposite 
was  true  following  twelve  months  storage  (Table  292).    Removing  prefreezing 
differences  in  percent  fat  resulted  in  some  significant  (P<.05) 
interactions  following  storage.    At  six  months,  for  roasts  stored  at  -10°F 
initially,  those  frozen  to  0°F  in  72  hr  had  more  fat  than  roasts  frozen  to 
0°F  in  96  nr  (Table  293).    No  such  freezing  rate  effects  were  detected  for 
the  0°F  initial  temperature.    At  twelve  months,  a  similar  initial 
temperature-f reezi nq  rate  interaction  was  noted,  but  HSD  tests  for  mean 
differences  were  all  nonsignificant  (Table  294).     It  would  appear  that 
there  were  some  inconsistent  effects  between  -10°F  and  0°F  initial  storage 
temperature  on  fat  percentages  depending  on  which  freezing  rate  and  storage 
time  (nine,  twelve  months)  were  being  evaluated  (Tables  295,  296). 
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Table  288.     Interaction  effect  of  storage  time  (nine,  twelve 
months),  and  rate  of  freezing  on  percent  moisture 
in  cooked  beef  roasts 


 Freezing  rate,  hours  to  0°F 

Evaluation 

time,  months  48  72  96 


9  61.08  +  .60b      62.29  +  .60ab    62.84  +  .60ab 

12  64.35  +  .60a      63.14  +  .60a      62.86  +  .60ab 


ab  Any  mean  comparisons  with  the  same  letter  are  not  different 
(P>.05) .     Mean  +  S.E. 
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Table  289.     Interaction  effect  of  storage  time  (nine,  twelve  months)  and  rate 
of  freezing  on  percent  moisture  in  cooked  beef  roasts  -  data 
adjusted  for  differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  48  72  96 


9  61.53  +  .60b  62.06  +  .60b  62.75  +  .60ab 

12  64.81  +  ,60a  62.91  +  .60ab  62.77  +  .60ab 


ab  Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05) 
Mean  +  S.E. 


1048Q,  p.  10 
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Table  290.     Interaction  effect  of  storage  time  (nine,  twelve  months),  final 
storage  temperature  and  initial  storage  temperature  on  percent 
moisture  in  cooked  beef  roasts 


Evaluation 
time,  months 

Initial  storage 

temperature , 

°F 

Final  storage 
temperature,  °F 

-10 

0 

9 

-10 

62.60  +  .84ab 

61.44 

+ 

.84ab 

0 

62.92  +  .84ab 

63.02 

+ 

.84ab 

20 

60.60  +  .84b 

61.83 

+ 

.84ab 

12 

-10 

61.87  +  .84ab 

64.03 

+ 

.84ab 

0 

65.62  +  .84a 

64.19 

+ 

.84ab 

20 

63.26  +  .84ab 

61.74 

+ 

.84ab 

ab  Any  mean  comparisons  with  the  same  letters  are  not  different  (P>.05). 
Mean  +  S.E. 


I 
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Table  291.    General  table  illustrating  the  percent  fat  in  cooked  beef  roasts 
throughout  storage  times  and  according  to  final  storage 
temperature  and  rate  of  freezing  -  no  statistical  analyses3 


Evaluation  Final  storage   Freezing  rate,  hours  to  0°  F 


time  temperature,   °F  24  48  72  96 


Rpf  nrp    f  rpp7-i  no 

1JC1  U i  C      X  X  *z.  ^  ^  X  Li^jj, 

5.16 

+ 

1.63 

9.37 

4.01 

6. 

32 

+ 

1.39 

4. 

66 

+ 

1. 

62 

Tmni^H"5at"p1  v    o  f"  t~  t" 
x uiuJcLi  jlcl  u c x y    ax  lcl 

7 . 22 

1.69 

7  84 

2  16 

5. 

65 

+ 

1.24 

6. 

99 

+ 

3. 

01 

freezing,  1  day 

6  months 

-10T 

5.75 

+ 

1.03 

7.20 

+ 

2.07 

5. 

89 

+ 

1.15 

4. 

9 

+ 

2. 

21 

0T 

5.97 

+ 

1.78 

6.97 

+ 

2.84 

6. 

29 

+ 

2.02 

3. 

96 

+ 

1. 

83 

20T 

5.92 

+ 

.76 

8.23 

+ 

3.2 

5. 

72 

+ 

.73 

6. 

02 

+ 

1. 

86 

9  months 

-10T 

9.61 

+ 

0.45 

7.7 

+ 

2.92 

6. 

76 

+ 

1.28 

5. 

71 

+ 

2. 

92 

0T 

7.38 

+ 

1.28 

7.37 

+ 

2.29 

6. 

18 

+ 

2.75 

5. 

05 

+ 

2. 

41 

20T 

7.28 

+ 

1.99 

8.31 

+ 

2.15 

7. 

12 

+ 

2.44 

5. 

59 

+ 

2. 

36 

12  months 

-10T 

7.45 

+ 

2.25 

4.87 

+ 

1.66 

7. 

35 

+ 

1.68 

6. 

05 

+ 

1. 

25 

0T 

8.08 

+ 

1.82 

5.03 

+ 

1.19 

4. 

46 

+ 

1.4 

4. 

54 

+ 

1. 

16 

20T 

8.45 

+ 

1.83 

5.91 

+ 

2.84 

4. 

75 

+ 

2.83 

6. 

22 

+ 

4. 

1 

2  ON 

8.25 

+ 

0.93 

8.46 

+ 

2.25 

8. 

05 

+ 

0.77 

5. 

05 

+ 

3. 

29 

aMean  +  S.D.      T  =  Temperature  abused;  N  =  not  temperature  abused. 
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Table  292.     Effect  of  freezing  rate  on  percent  fat  in  cooked  beef  roasts  at 
several  storage  times 

Evaluation   Freezing  rate,  hours  to  0°  F  

time  24  48  72  96  

Before  freezing0  5.15  +  .85b        9.37  +  .85a    6.32  +  .85ab  4.66  +  .85b 

12  months  7.99  +  .63a        5.27  +  .63b    5.52  +  .63ab  5.60  +  .63ab 

ab  Means  on  the  same  line  with  the  same  letter  are  not  different  (P<.05). 
Mean  +  S.E. 

c  Effect  due  to  sampling  time  (or  different  animals)  rather  than  freezing  rate. 
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Table  293.  Interaction  effect  of  initial  storage  temperature  and  freezing 
rate  on  percent  fat  in  cooked  beef  roasts  following  six  months 
storage  -  data  adjusted  for  differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F  

Initial  storage 

temperature,  °F  24  48  72  96  

-10  6.57  +  .57ab        5.54  +  .57ab        7.37  +  .57a        4.46  +  .57b 

0  5.97  +  .57ab        7.26  +  .57ab        5.19  +  .57ab      6.69  +  .57ab 


ab  Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05). 
Mean  +  S.E. 


1048Q,  p.  7 
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Table  294.     Interaction  effect  of  initial  storage  temperature  and  rate  of 
freezing  on  percent  fat  in  cooked  beef  roasts  following  twelve 
months  storage  -  data  adjusted  for  differences  prior  to  freezing3 


 Freezing  rate,  hours  to  0°F  

Initial  storage 

temperature,  °F  24  48  72  96 

-10  8.17  +  1.21         8.05  +  1.21         6.10  +  1.21        3.78  +  1.21 

0  9.11  +  1.21         4.87  +  1.21         6.73  +  1.21        8.32  +  1.21 


a  Interaction  effect  significant  (P<.05)  by  analysis  of  variance  but  not 
by  HSD.     Mean  +  S.E.     Includes  only  +20°F  final  storage  temperature. 


1048Q,  p.  8 
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Table   295.     Interaction  effect  of  storage  time  (nine,  twelve  months), 

initial  storage  temperature  and  rate  of  freezing  on  percent 
fat  in  cooked  beef  roasts3 


Freezing  rate,  hours  to  0°F 


Evaluation        Initial  storage 

time,  months    temperature,   °F  48  72  96 


9 

-10 

6.56 

+ 

.91 

7.84 

+ 

.91 

4.98 

+ 

.91 

0 

9.03 

+ 

.91 

5.94 

+ 

.91 

5.92 

+ 

.91 

12 

-10 

6.13 

+ 

.91 

5.44 

+ 

.91 

4.48 

+ 

.91 

0 

4.40 

+ 

.91 

5.60 

.91 

6.73 

+ 

.91 

interaction  significant  (P<.05)  by  analysis  of  variance,  but  not  by 
HSD.    Mean  +  S.E. 
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The  final  sets  of  tables  pertain  to  a  calculated  value  of  expressible 
moisture  in  raw  and  cooked  beef  roasts.    The  value  has  no  specific  units, 
but  the  higher  the  value,  the  more  expressible  (or  "free")  moisture. 
Respective  to  raw  samples,  differences  in  a  general  sense  among  project 
variables  were  not  large  (Table  297).    After  six  months  storage,  roasts 
stored  at  0°F  final  temperature  had  more  expressible  moisture  than  roasts 
stored  at  -10°F  (Table  298).    At  nine  months  of  frozen  storage,  the  use  of 
0°F  initial  temperature  produced  more  expressible  moisture  than  -10°F,  but 
only  for  roasts  frozen  to  0°F  in  24  hr  (Table  299).    Temperature  abuse 
created  less  expressible  moisture  in  roast  samples  than  nonabuse  for  roasts 
frozen  to  0°F  in  96  hr  when  evaluations  occurred  after  twelve  months 
storage  (Table  300) . 

Freezing,  itself,  reduced  expressible  moisture  as  did  twelve  vs  nine 
months  of  storage  (Table  301).     In  an  interaction  of  storage  time  ana 
initial  storage  temperature,  nine  months  storage  increased  expressible 
moisture  in  samples  over  six  months  storage,  but  only  for  roasts  subjected 
to  0°F  initial  storage  (Table  302).     In  an  interaction  involving  storage 
time  (immediately  following  freezing,  twelve  months),  initial  and  final 
storage  temperature  and  freezing  rate,  the  major  difference  appeared  to  oe 
really  at  twelve  months,  within  the  0°F  initial  and  final  storage 
temperature,  where  0°F  in  48  hr  produced  lower  expressible  moisture  than 
0°F  in  96  hr  (Table  303). 

Expressible  moisture  values  for  cooked  beef  roasts  also  showed  few 
major  differences  (Table  304).     Immediately  following  freezing,  0°F  in  72 
hr  freezing  rate  produced  more  expressible  moisture  than  0°F  in  96  hr, 
while  following  nine  months  storage,  0°F  in  24  hr  generated  more 
expressible  moisture  in  cooked  roasts  than  0°F  in  72  hr  (Table  305). 
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Table  298.    Effect  of  final  storage  temeprature  on 
expressible  moisture  in  raw  beef  roasts 
following  six  months  storage 


 Final  storage  temperature,  "F  

-10  0  20  

.0135  +  .00034b        .0148  +  .00034a       .0139  +  .00034ab 


ab    Means  on  the  same  line  with  the  same  letters  are 
not  different  (P>.05);  Mean  +  S.E. 


351 


Table  299.    Interaction  effect  of  initial  storage  temperature  and  rate  of  freezing  on 
expressible  moisture  in  raw  beef  roasts  following  nine  months  storage 


 Freezing  rate,  hours  to  0°F  

Initial  storage 

temperature,  °F  24  48  72  96 


-10  .013  +  .00051b      .014  +  .00051 ab      .015  +  .00051ab      .014  +  .00051ab 

0  .016  +  .00051a      .016  +  .00051a       .015  +  .00051ab      .014  +  .00051ab 


ab    Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05);  Mean  +  S.E. 
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Table  300.    Interaction  effect  of  temperature  abuse  and  rate  of  freezing  on  expressible 
moisture  in  raw  beef  roasts  following  twelve  months  of  storage 


 Freezing  rate,  hours  to  0"F  

Temperature  abuse  24  48  72  96  

T  .014  +  .00062ab      .014  +  .00062ab      .015  +  .00062ab      .013  +  .00062b 

N  .016  +  .00062ab      .014  +  .00062ab      .014  +  .00062ab      .016  +  .00062a 


ab    Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05);  Meanj^S.E.; 
T  =  Temperature  abused;  N  =  Not  temperature  abused. 


Table  301.    Effect  of  various  storage  time 
comparisons  on  expressible 
moisture  in  raw  beef  roasts 


 Evaluation  times  

Immediately  following 
Before  freezing  freezing,  1  day 

.015  +  .00025a  .014  +  .00025b 

9  months  12  months  

.015  +  .00017a  .014  +  .00017b 

ab    Differences  between  means  on  the 
same  line  are  significant  (P<.05); 
Mean  +  S.E. 


Table  302.    Interaction  effect  of  storage  time 
(six,  nine  months)  and  initial  storage  temperature 
on  expressible  moisture  in  raw  beef  roasts 


Initial  storage  temperature,  0"F 

Eval uation 

time,  months  -_10  0  

6  .014  +  .0003b        .014  +  .0003b 

9  .014  +  .0003b       .015  +  .0003a 


ab    Any  mean  comparison  with  the  same  letter  is 
not  different  (P>.05);  Mean  +  S.E. 


<_> 

n 

O 

<o 

Q 

(j 

0  u 

VO 

03 

0 

JZJ 

X3    03  JD 

CO 

CO 

CO 

CO  CO  CO 

oo 

o 

O 

0 

0 

OOO 

4-9 

o 

O 

0 

0 

OOO 

oo 

o 

O 

0 

0 

OOO 

QJ  <o 

cn  O 

03  i_ 

+ 

+ 

+ 

+ 

+  4-4- 

O  4- 

CO 

ro 

CO 

n  n  ro 

4_>  (1) 

r  

on  Qj 

o 

O 

O 

0 

OOO 

o 

<a  ^ 

•r—  03 

-M  S- 

u 

_o 

(_) 

O 

0  u  u 

C  C 

<o 

JZJ 

JU 

X) 

_Q  _Q  -O 

\D 

03 

CO 

n3 
CO 

03 

CO 

03    03  03 
CO  CO  CO 

♦>  <JJ 

Ll_ 

o 

0 

O 

0 

OOO 

- — -  i- 

o 

o 

0 

O 

0 

OOO 

00  13 

o 

0 

O 

0 

OOO 

JC  +-> 

o 

4->  OO 

4-> 

C\J 

+  1 

1+  1 

+  1+  1+  1 

C  "r— 

4. 

|  + 

o  o 

1/1 

E  E 

1_ 

LO 

LO  LO  LO 

Z3 

QJ  (L) 

o 

o 

O 

O 

O 

OOO 

>  i — 

_cz 

i —  -O 

QJ  "I— 

!$  00 

QJ 

+->  00 

+J 

(_> 

(_J 

CJ 

CD 

TO 

_Q 

_Q 

<_>  u 

•>  S_ 

S_ 

>X) 

fO 

to 

03 

JZJ   <_)  JZ5 

CD  Q. 

CO 

CO 

CO 

CO  CO  CO 

• 

C  X 

cn 

o 

O 

0 

0 

OOO 

LU 

•r-  dJ 

cz 

o 

O 

0 

0 

OOO 

N 

o 

O 

0 

0 

OOO 

CO 

QJ  CZ 

M 

QJ  O 

QJ 

00 

4-  1 

i_ 

QJ 

4. 

+  + 

+ 1+ 1+  1 

S_ 

cz 

1 1 

ro 

LO 

LO 

ro  c\j  ro 

03 

cn  ■!— 

QJ 

cz  n 

o 

O 

CD 

t — ^ 

OOO 

•i—  qj 

2  <D 

• 

O  S- 

t  ^ 

1 —  l(_ 

LO 

o 

0 

O  <4- 

_q 

CJ 

0  u 

**-  O 

<o 

Q 

_Q 

_Q 

jQ  _Q  -O 

A 

X) 

fO 

ro 

03    03  03 

Q_ 

>~>  QJ 

CO 

UJ 

CO  CO  CO 

i —  4-> 

0 

0 

0 

O 

OOO 

QJ  "3 

0 

0 

^3 

OOO 

+-> 

0 

0 

^  / 

OOO 

03 

QJ 

•r-  "O 

i_ 

"O  CZ 

C\J 

+  1 

+ 

It 

1+  1 

+  1+  1+  1 

QJ 

QJ  <T3 

LO 

I^O  LO 

l+- 

E  QJ 

•i—  i_ 

0 

OOO 

TZJ 

—  Z3 

4-> 

QJ  03 

1 1 

0 

E  J- 

CZ 

•<—  QJ 

QJ 

4->  Q. 

CT) 

QJ 

E 

03 

QJ 

S_ 

QJ  QJ 

l_ 

s_ 

03 

CX>  -i-> 

o 

Z3 

o3 

-t_) 

0 

0 

OOO 

00 

03 

CsJ 

r—  CsJ 

i_ 

o  cn 

S_ 

1 

1 

QJ 

4_>  03 

QJ 

+-> 

oo  S- 

T3 

Q_ 

4-> 

o 

cz 

E 

QJ 

<+-  4-> 

QJ 

O  00 

1 1 

QJ 

4->  I  

(_)  o3 

QJ  CZ 

00 

4-  •!- 

QJ 

u_ 

QJ 

4-  4- 

cn<> 

QJ 

ro 

JZZ 

S_ 

4-) 

cz  QJ 

O 

QJ 

O  i_ 

+-> 

S_ 

x: 

•r-  13 

00 

Z3 

+-> 

+->  4-> 

4-> 

0 

•  r— 

l_J  03 

03 

i — 1 

03  S_ 

<o 

S- 

1 

S-  QJ 

QJ 

l/l 

QJ  CX 

+j 

Q. 

-t->  E 

E 

0 

CZ  QJ 

cz 

QJ 

00 

1 — 1 

4-> 

s_ 
03 

CL 

CO 

J_ 

E 

o 

d) 

0 

CO 

j  \  >^ 
<+_  03 

u 

QJ 

03  "O 

cz 

03 

JD 

>>i— 1 

QJ 

03 

c 

E 

I— 

o 

QJ  #> 

l/l 

>-> 

4-j  cn 

^1 

4-> 

03  cz 

4-J 

cz 

OJ 

cz 

<c 

Z3 

_E 

TZJ  M 

0 

QJ  QJ 

E 

-t-> 

E  oj 

0 

> 

E  5- 

00 

LU 

1—  4- 

03 

355 


356 


1 

1 

^3" 

00  CO 

LO 

1 

i — 

r—  O  r— 

1 

i —  O 

<—  ■— 

O 

O 

o  o  o 

o 

o  o 

o  o  o 

o 

\ — t 

t — \ 

v — J  {  )  \  ) 

CD 

o  o 

o  o  o 

o 

• 

• 

4—* 

lo 

+  1 

+  1 

+  1+1+1 

1  1    1  .  1 

1+  1+  1 

+  1+1+ 

l+l 

00 

"O 

cr> 

+ 

<"D 

o 

LO 

LD 

<>o 

CO 

r-~.  LO 

co 

1 

1  1 

QJ 

CD 

CD 

CD  CD  O 

o 

o  o 

o  o  o 

o 

li  

w 

n  i 
\±J 

13 

QJ 

-4—* 

^ 

5r~ 

u  

Tj 

QJ 

° 

«d" 

ID  ID 

CO 

r~-  lo 

CO  CO  CD 

00 

QJ 

CL 

o 

i —  O  i — 

CNJ 

O  o 

O  O  CNJ 

o 

cr 

lj 

1 — j 

CD  CD  CD 

CD 

CD  CD 

o  o  o 

o 

O 

QJ 

o 

o 

o 

O  O  O 

O 

O  O 

o  o  o 

o 

(— > 

C\J 

+  1 

+  1+  1+  1 

QJ 

LO 

r~- 

+  1 

+ 

+  1+1 

+  +  +  + 

s*_ 

co 

r^s 

un  <£>  LD 

r\  lo 

CO  00  CO 

LO 

^_ 

l-> 

1 —  1   f— 

i — 

o 

cd 

CD 

CD  O  O 

CD 

CD  O 

o  o  o 

o 

^_ 

tj 

4— > 

cu 

.— 

<T5 

r*^-  co  cr> 

CD  CO 

r^-  r--  oo 

1 — 

i- 

O 

i      CD  • 

CXJ 

o  o 

O  r-  o 

1 — 

E 

f — ^ 

CD  CD  CD 

Q 

CD  CD 

o  o  o 

o 

i  

Dl 

o 

o 

O  O  O 

O 

O  O 

( — \ 

QJ 

qj 

CI 

O  QJ 

co 

+  1 

+  1+  1+  1 

+ 1+ 1+ 

ZD 

INJ 

"3" 

+  1 

+ 

f  i  l  i  1 
+  1+1 

1+ 1 

_Q 

QJ 

Cn  i 

QJ 

LO 

CO  lo 

LO 

L~ 

1 

1      1  1 

1  1 

i —  i —  f — 

1 — 

QJ 

n  i 

■i —  c 

i  ' 

o 

CD 

CD  O  O 

o 

O  O 

o  o  o 

o 

S— 

~p 

13 

CL 

>— 

4—) 

O  i 

CD 

QJ 

O  LJ 

CD  CO  LO 

00 

i —  co^r 

LO 

n » 

\U 

fO  *r- 

/  N     /  ,      ,  . 

v  j  \ — )  CD 

C\J  O  i — 

C\J 

(—} 

c — 

CD 

/ — \ 
^ — ' 

CD  CD  CD 

CD 

CD  CD 

o  o  o 

O 

o 

CD 

O  O  O 

o 

O  O 

o  o  o 

O 

C—  *f— 

* 

4—* 

«3" 

+  1 

C\J 

■  i 
+  i 

+  1 

+  1+  1+  1 

+ 

+  1+  1 

+  1+  1  + 

4—* 

m 

o 

l  } 

QJ  (/) 

LO 

to 

CO 

CO  CD 

COVDN 

00 

t — 

c: 

1 

i  < 

•r~~  O 

o 

o 

o  o  o 

CD 

o  o 

o  o  o 

o 

tl 

4-> 

4->  C 

{/) 

QJ  1 

' 

o 

■r— 

i—  C 

u_ 

O  1 

0 

t/1 

rt  l 

UJ 

QJ 

_3 

"co  QJ 

CP 1 

_Q 

Q 

QJ 

cu 

T3 

i    1  t 
4 — '  >— 

S— 

L_ 

1  i 

Z3  t4— 

o 

1         1  1  

1 —  1  1 — 

1 — 

1 —  1 — 

1—  1—  1— 

QJ 

O 

4— 5 

CD  CD  CD 

CD 

CD  O 

o  o  o 

o 

S— 

/ —  ij  

LO 

i — 1  CM 

t — i 

CNJ 

. — 1  oo 

CXI 

~^ 

CT^  o 

S— 

' 

1 

4— 3 

CD 

O  QJ 

o 

r— 

S—  4—* 

cz 

E 

QJ 

CU 

sz  to 

QJ 

Q_ 

CD 

+-)  i_ 

u_ 

+-> 

E 

QJ 

1— 

S- 

II 

O 

QJ 

CO 

cn 

■(-> 

>> 

1— 

4- 

T3 

<u 

"O 

M 

-Q 

QJ 

Q 

c 

QJ 

1— 

o 

S_ 

QJ 

00 

CO 

L0 

CO 

4- 

4-> 

CD 

sz 

-c: 

sz 

-M 

ro 

-t-> 

4-> 

+ 

13 

QJ 

QJ 

c 

c: 

E 

S- 

TD 

M 

o 

o 

o 

c 

o 

QJ 

QJ 

E 

E 

E 

fO 

-t-> 

<4- 

E 

QJ 

QJ 

> 

QJ 

E 

S- 

CO 

CD. 

CXJ 

CO 

i — i 

M— 

r-H 

i 


357 


Table  305.    Effect  of  freezing  rate  on  expressible  moisture 
in  cooked  beef  roasts  at  various  storage  times 


 Freezing  rate,  hours  to  °F  

Evaluation  time  24  48  72  96  

Immediately  following        .0151  +  .0005ab      .0159  +  .0005ab      .0167  +  .0005a      .0146  +  .0005b 
freezing,  1  day 

9  months  .018    +  .0004a       .017    +  .0004ab      .017    +  .0004b      .017    +  .0004ab 


ab    Means  on  the  same  line  with  different  letters  are  different  (P<.05);  Mean  +  S.E. 
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Freezing,  itself,  reduced  expressiDle  moisture,  but  storage  increased  tne 
values  for  cooked  roasts  (Table  306).    After  nine  months  storage,  -10°F 
initial  storage  temperature  elevatea  expressible  moisture  over  that  noted 
immediately  following  freezing,  but  only  for  roasts  frozen  to  0°F  in  24  hr 
(Table  307). 


Table  306.    Effect  of  various  storage  time 
comparisons  on  expressible 
moisture  in  cooked  beef  roasts 


 Evaluation  times  

Immediately  following 
Before  freezing  freezing,  1  day 

.017  +  .00026a  .016  +  .00024b 

Immediately  following 

freezing,  1  day  9  months  

.0157  +  .00042  .0174  +  .00042 

Immediately  following 

freezing,  1  day  12  months  

.0157  +  .00046b  .0172  +  .00046a 

6  months  9  months  

.016  +  .00024b  .017  +  .00024a 

ab    Differences  between  means  on  the 
same  line  are  significant  (P<.05); 
Mean  +  S.E. 
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